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Abstract: The La-doped TiO, photocatalyst TiO2-La was prepared by microwave hydrothermal
method, and the photocatalytic degradation of methyl orange in simulated wastewater was carried
out under ultraviolet light. The results of the experiment show that the optimal preparation
conditions of TiO,-La catalyst are La doping amount n(La®*"):n(Ti*")=0.12%, microwave power
650W, reaction temperature 150°C, reaction time 2.5h, the temperature of high temperature muffle
furnace calcination 600°C and the time of calcination 3 h. The structure and characterization of
TiO,-La catalysts were carried out by X-ray diffraction (XRD), Energy dispersive spectrometer
(EDS), X-ray photoelectron spectroscopy (XPS) and Fourier Transform Infrared spectroscopy
(FTIR). The results show that the degradation rate of methyl orange could reach 97.4% under the
illumination of home-made UV lamp (300W).

1. Introduction

TiO, has been studied by a large number of researchers because of its high activity, stable
chemical properties and no secondary pollution during photocatalytic degradation of organic
pollutants[1]. TiO, has a large forbidden band width (Eg=3.2 eV) and can only be stimulated by
ultraviolet light, however, most of the sunlight is composed of visible light and only 3-5% of
ultraviolet light, resulting in low utilization of sunlight. Time-resolved spectroscopy studies show
that the recombination rate of most photo-induced e-/h+ (electron-hole pairs) (about 90%) is very
fast, which is one of the reasons why most semiconductor-based photocatalytic reactions are
inefficient[2,3]. Therefore, extending the response light region of TiO, to the visible light region
(wavelength 400-800 nm) and reducing the photo-e-/h+ pair recombination rate have become the
focus of research on TiO, photocatalysis.

Rare earth elements have a special electronic layer structure, which makes the spectral
characteristics different from the general element. The rare earth element has 4f electrons, which is
easy to produce multi-electron configuration, and its oxide has many crystal forms, strong
adsorption selectivity, good electronic conductivity and thermal stability. Due to the large radius of
rare earth ions, rare earth ions cannot enter the lattice of TiO,, but photo-induced e/h* trapping
wells can be formed on the surface of TiO; crystals, which can prolong the recombination time of
photo-induced e-/h+ pairs and improve photocatalytic activity. However, the excess rare earth ions
will precipitate on the surface of the TiO, crystal grains in the form of oxides, resulting in a
decrease in the photocatalytic activity of TiO,. Therefore, the optimal concentration of the doped
ions exists [4,5]. In this paper, the rare earth metal ion La** doped TiO- photocatalyst TiO,-La was
prepared by microwave hydrothermal method. The methyl orange solution was used to simulate the
contaminated water. The optimum conditions for the preparation of La-doped TiO, photocatalyst
under microwave hydrothermal conditions were investigated.
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2. Experiment Part
2.1. Main Reagent.

Tetra-n-butyl titanate (AR, Sinopharm Chemical Reagent Co., Ltd.); Lanthanum nitrate
hexahydrate La(NO3)3:6H,0 (AR, Aladdin reagent); Anhydrous ethanol (AR, Tianjin Sailboat
Chemical Reagent Technology Co., Ltd. Company); Concentrated nitric acid (CP, Shanghai
Chemical Reagent General Plant); Methyl orange (AR; Sinopharm Chemical Reagent Co., Ltd.);
Ultrapure water (homemade).

2.2. Preparation of Catalyst and Photocatalytic Activity Test.

Take a quantitative amount of 4.40 mL of tetra-n-butyl titanate and 17.50 mL of absolute ethanol,
and stir magnetically for 10 minutes to obtain solution A. The quantitative lanthanum nitrate is
dissolved in dilute nitric acid (pH=2~3) of 18.00 mL and added drop wise to the solution A to form
a solution B. The B solution was placed in a microwave water-heat parallel synthesizer (instrument
parameters: microwave power 650 W, reaction temperature 150 °C, reaction time 2.5 h) to obtain a
TiO, sol for a certain period of time, filtered, dried, milled and the TiO,-La photocatalyst was
obtained by calcination at 600 ‘C in a muffle furnace for 3 h, and the TiO, was bottled and placed
in a desiccators for use. The photocatalytic activity test method of the catalyst is described in the
literature [6, 7].

2.3. Structural Testing and Characterization of the Catalyst.

The structure and characterization of TiO,-La photocatalysts were carried out by X-ray
diffraction (XRD), Energy dispersive spectrometer (EDS), X-ray photoelectron spectroscopy (XPS)
and Fourier Transform Infrared spectroscopy (FTIR).

3. Results and Discussion
3.1. Effect of La>* Doping Amount on the Activity of TiO,-La Photocatalyst.

Under the conditions of fixed microwave power 650 W, reaction temperature 150 °C, reaction
time 2.5 h, calcination temperature 600 ‘C and calcination time 3 h, the amount of La>* ion doping
was changed to investigate the photocatalytic activity of the prepared TiO,-La catalyst. The results
obtained are shown in Figure 1. It can be seen from Figure. 1 that the photocatalytic activity of
TiO,-La increases gradually with the increase of strontium doping amount, and then decreases
gradually. When the lanthanum doping amount is 0.12%, the degradation of methyl orange for the
catalyst reaches a maximum value 97.4%, excessive or too little rare earth doping will reduce the
photocatalytic activity of TiO,. When the lanthanum is doped at a high concentration, the rare earth
element lanthanum is deposited on the surface of the TiO, catalyst in the form of oxide La,O3
which leads to insufficient absorption of ultraviolet light for TiO,, and reduces the photocatalytic
activity of TiO;[8]. Therefore, a suitable lanthanum doping concentration is advantageous for
increasing the photocatalytic activity of TiO,. Figure 2 is an XRD spectrum of different La doping
amounts of TiO,. It is clear from the Figure.2 that La doping effectively inhibits the growth of rutile,
and a large amount of rutile is not favorable for photocatalytic activity because the rutile has a small
specific surface area. The large amount of rutile has poor adsorption capacity for O,, and
photo-induced e/h* pairs are easy to recombine, so the photocatalytic activity is greatly affected [9].
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Figure. 1 Effect of La doping amount on photocatalytic activity of TiO2-La
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Figure. 2 XRD spectrum of different La3+ doping amount TiO2
3.2. Effect of Calcination Temperature on Photocatalytic Activity of TiO,-La.

Under the conditions of fixed antimony doping amount of 0.12%, microwave power 650W,
reaction temperature 150 °C, reaction time 2.5 h and calcination time 3 h, the calcination
temperature was changed to investigate the effect of calcination temperature on the photocatalytic
activity of the prepared TiO,-La catalyst. The results are shown in Figure 3. Figure 4. is an XRD
spectrum of calcined TiO,-La at different temperatures. In combination with Figure 3, the
calcination temperature is too low, and there is more amorphous TiO,. When the calcination
temperature is too high, the anatase TiO, begins to transform into rutile TiO,, two extreme
conditions both are not conducive to the improvement of photocatalytic activity. It can also be seen
from Figure 3 that when the calcination temperature is 600 ‘C, the obtained TiO,-La catalyst has a
high photocatalytic activity, thereby obtaining an optimum calcination temperature of 600 C.
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Figure 3. Effect of calcination temperature on photocatalytic activity of TiO2-La
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Figure 4. XRD spectrum of calcined TiO2-La at different temperatures
3.3. Energy Dispersive Spectrometer (EDS).

The energy spectrum analysis of TiO,-La was performed by selecting a specific region, and the
results are shown in Figure 5. It can be seen from Figure 5 that the main elements in the catalyst
sample are Ti and O, and characteristic peaks of the C and La elements also appear. This indicates
that the TiO,-La sample does contain La element, and the doped TiO, catalyst is loaded with La
element.
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Figure. 5 Energy Dispersive Spectrometer (EDS) of TiO2-La Specific area
3.4. X-ray Photoelectron Spectroscopy (XPS).

The results of XPS analysis of pure TiO, (Undoped under the same conditions) and doped
TiO,-La catalysts (Figure 6) show that the pure TiO, catalyst contains Ti, O and C elements, while
the doped TiO,-La catalyst contains Ti, O, La and C element, which is consistent with the elemental
analysis results of EDS. Figure 6-A is a Ti 2p spectrum. The electron binding energies of Ti in pure
TiO, and TiO,-La are 458.69 eV and 458.48 eV, respectively. Figure 6-B is the O1s spectrum. The
strongest peak appears at 530.01 eV. It is oxygen in the TiO, lattice. In addition, the peaks at
531.35eV and 532.37eV may be related to the surface substance group of TiO, (Ti-OH-Ti, TiOx,
-CO, -OH) and for TiO,-La catalyst. The Ol1s peak in La,O3 appeared at 528.58 eV, which is
consistent with the La doping result. Figure 6-C is the C1s spectrum, which appears at 284.84,
286.18 and 288.68 eV, mainly in the form of C-C, -C-OH and -CO. In general, XPS can detect C
from the atmosphere. In addition, C may also be derived from the precursor of TiO, (tetra-n-butyl
titanate). Figure 6-D is a La3d spectrum, although the doping amount of La is extremely
low(Theoretical doping is 0.12%), but La is still detected in the TiO,-La catalyst and exists in the
form of La, O3 on the surface of TiO,, which is beneficial to form an electron trapping well on the
surface of TiO,, effectively suppressing electron-hole recombination, thereby increasing the
photocatalytic activity of the catalyst [10,11].

171



TS Ols*TiOQ
1 can Ti2p TiO2
A P i2pTIO B 0O1s Scan A
\ ouc:(f
~ [\ 01sC—0 \
'»~~~“""\x—m,,,,//’/ N/ \_ TiO, 757”7 A\ Tio2
Ti2p TiO2 Ols ;noz
//\\
[
01570 | 015 La,0,
La-TiO, o ots C_%A//}\f\ = LaTion
1 1 1 1 1 1 1 1 _ 1 - . — 71 — 1
475 470 465 460 455 450 545 540 535 530 525
Binding Energy (eV) Binding Energy (eV)
cucrc
¢ Cls Scan D
/ La3d Scan L?Sdr La,04 ﬂ
\ \ |
1\ Iy Hxﬁ |
cisc=o  csco/ | ) | M‘W",)H \‘ “““\ i\“.u‘
. /\J\ \ Tio, l '|h“v‘,‘ Wy \H | “\
O A ST
cioqe ) L i |
! 1 W — =1
[\ [ “MM M T \‘
[ (0 AL T
/ LA — \
| 1L Ty 1/11 al
/ \ (1% Fﬁ/
cisc—g/ Y “‘ i
cisc=o C1 S g A
% La-TiO, I
1 1 1 /lk>r 1 17_‘ 1 7 1 ,\7711 1 L L L L L
208 296 204 292 200 288 286 284 282 280 870 860 850 840 830
Binding Energy (eV) Binding Energy (eV)

Figure. 6 XPS spectrum of pure TiO2 andTiO2-La (A: Ti2p Scan B: Ol1s Scan C: C1s Scan D: La3d
Scan)
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Figure. 7 FTIR spectrum of pure TiO, andTiO,-La
3.5. Fourier Transform Infrared Spectroscopy (FTIR).

The pure TiO, (undoped under the same conditions) and TiO,-La were separately analyzed by
FTIR, and the results obtained are shown in Figure 7. It can be seen from Figure 7 that the broad
peak appearing at a wave number of 3430 cm™ can be attributed to the tensile vibrational peak of
the hydroxyl group bonded to the surface of TiO,, and these surface hydroxyl substances can affect
the photocatalytic activity of TiO,[11]. The peak appearing at a wave number of about 1630 cm™ is
considered to be the OH bending vibration in the water molecules adsorbed on the surface of
TiO[12]. The possible source of water can be attributed to the adsorption of water molecules in the
air by TiO,, while the water peaks in TiO,-La. The strength is significantly greater than that of pure
TiO,. The possible reason is that the doped TiO,-La has a larger specific surface area than pure
TiO,, which is more conducive to absorbing water molecules.
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4. Conclusion

The optimal conditions for the preparation of La-doped TiO, photocatalyst by microwave
hydrothermal method are La doping amount n(La**):n(Ti*)=0.12%, microwave power 650 W,
reaction temperature 150 °C, reaction time 2.5h, the temperature of high temperature muffle
furnace calcination 600 ‘C and the time of calcination 3 h. The degradation rate of methyl orange
could reach 97.4% when the TiO,-La catalyst prepared at the optimal conditions used for degrading
the methyl orange solution for 30 minutes in the self-made UV lamp irradiation.

The results of XRD, EDS, XPS and FTIR show that the lanthanum element is doped into TiO,
and supported on the surface of TiO; in the form of oxide, and the doping of lanthanum causes
more active hydroxy species on the catalyst surface which is advantageous for increasing the
photocatalytic activity of the catalyst.
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