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ONE-STEP HYDROTHERMAL SYNTHESIS OF
PHOTOCATALYTICALLY ACTIVE TiO,/CARBON
COMPOSITE

M. Maleti¢!, M. Vukéevié!, A. Kalijadis?, I. Jankovié-Castvan!, A.
Dapcevi¢!, Z. Lausevi¢? and M. Lausevi¢!

'Faculty of Technology and Metallurgy, University of Belgrade,
Karnegijeva 4, 11001 Belgrade, Serbia. (mvukasinovic@tmf.bg.ac.rs)
°’Laboratory of Physics, Vinca Institute of Nuclear Sciences, University of
Belgrade, P.O.Box 522, 11001 Belgrade, Serbia.

ABSTRACT

TiO»/cartbon composite (TiOo/HTC), synthesized by hydrothermal
carbonization, was characterized by thermogravimetric analysis, nitrogen
adsorption—desorption isotherms and X-ray diffraction. The possibility of
using TiO»/HTC as photocatalysts tfor UV and visible light assisted
degradation of methylene blue in aqueous solution was examined. It was
found that carbon presence in TiO»/HTC leads to the higher porosity and
increase in the share of photocatalytically active anatase phase. Compared to
the hydrothermally synthesized TiO., TiO»/HTC showed the superior
photocatalytic activity under UV irradiation. In addition, TiO»/HTC show
high recycling ability with degradation ratio of methylene blue higher than
81 % after five cycles. Also, TiOo/HTC is expected to be a promising
candidate for photocatalytic processes using visible light.

INTRODUCTION

Photocatalytic processes, in the presence of different photocatalysts, have
proven to be efficient methods for removal of organic pollutants (drugs,
pesticides and organic dyes). Titanium dioxide (TiO:) is one of the most
effective and the most commonly used photocatalysts. Also, highly reactive
photocatalysts can be obtained by combining titanium dioxide with different
carbon materials, as a catalysts carrier [1]. In this work photocatalytic
activity of hydrothermally synthesized TiO»/carbon composite was
examined in the process of photocatalytic degradation of methylene blue
(MB) under UV and visible urradiation, and compared to photocatalytic
activity of hydrothermally synthesized TiO>.The possibility of reusing
TiO»/cartbon composite was examined through the determination of
photocatalytic activity after each of five cycles.
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EXPERIMENTAL

Hydrothermal synthesis of TiO»/carbon composite (Ti0,/HTC) was carried
out using titanium isopropoxide and glucose solution to achieve T1/C molar
ratio of 0.30. TiO> — hydrothermal (TiO> — hyd) was obtained by similar
procedure, using water instead of glucose solution.

The thermogravimetric (TG) analysis was performed from room
temperature to 800 °C in O> atmosphere using SDT Q600 instrument (TA
Instruments).Nitrogen adsorption—desorption isotherms were determined
using a Micromeritics ASAP 2020 instrument. From obtained data, specific
surface area (Sger), pore size distribution and volume of the mesopores
(Vmeso) was calculated. XRD spectra were recorded in the range of 26 of 20°
— 60° with a scan speed 1° C/min' using a Philips PW1710 ditfractometer
with CuKo radiation. Anatase and rutile phase content were determined |2].
and grain sizes were calculated by Debye—Scherrer equation.

Photocatalytic experiments were performed at room temperature with 1
g/dm? of TiO»/HTC and the initial concentration of MB was 10 mg/dm?.
The suspension was magnetically stirred in the dark for 60 min to establish
the adsorption/desorption equilibrium, and then exposed to the either UV or
visible irradiation. The TiO»/HTC reuse was examined through the five
cycles. Concentration of MB was measured using visible spectrophotometer
(Specol, Carl-Zeiss, Jena), by measuringabsorbanceat67 Snm.

RESULTS AND DISCUSSION
Thermogravimetric analysis showed that TiO>/HTC contained 11.02 wt.%
of carbon. Textural properties TiO», — hydrothermal and TiO»/HTC,
summarized in Table 1, show that carbon present in TiO>/HTC leads to the
decrease of average pore diameter and Vmeso and to the increase in Sger and
Vmicro. XRD patterns (Fig. 1) of TiO> — hydrothermal and TiOo/HTC show
characteristic peaks for the anatase (101) (26 = 25.6") and rutile (110) (26 =
27.7°) phase.
Table 1. Textural properties of examined i
samples It can be observed that presence of
Sser Ve, Do, carbon i TiO/HTC  induces
' increase of peak intensity of the
anatase phase, while peak intensity
of the rutile phase decreases. The
observed increase of anatase phase is
confirmed by the results presented in
Fig. 1. The average grain size decrease with carbon presence can be the
consequence of inhibitory effect of amorphous carbon on grain growth of
T10,. Grain size decrease, accompanied with increase in BET surface area,

Sample R 3
m/g cm’/g nm

TiOx-hyd  49.63 0.2375 17.22
TiO/HTC  174.08 0.1995 3.78

Dav* - Average pore diameter
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1s i very good agreement with the values of average pore diameters,
indicating that pores measured are most likely interparticle spaces.

The process of removing
MB m the presence of
TiOHTC (shown in Fig. 2)
takes place in two phases. The
first  phase involves the
removal of MB by adsorption
in the dark, while the second
phase represents photocatalytic
degradation of MB under UV
or visible nrradiation. As it can
be  observed (Fig.  2).
TiO/HTC showed superior
photocatalytic activity in the
overall process of MB removal.

Intensity (a.u.)

20

A (110) Sample  Aralass  Ruile (rcicrs
- W) () SN S
(nm)
TiOy-hyd 76 924 2214
A 101 TOHTC 760 240 976
R(211)
R(101)
A(112)
A1) A (200)
TiO,/HTC
R (220)
’ A
TiO,-hyd \
v T T
30 40 50 60
20

Figure 1. XRD patterns ofobtained

samples

Carbon species present in TiO»/HTC can provide more active sites and
adsorb more reactive species due to large surface area and pore volume,
which causes the enhanced photocatalytic activity. Additionally, high
photocatalytic activity of TiO»/HTC can be explained by the presence of
photocatalytically active anatase phase and the ratio of anatase and rutile
phase (Fig. 1) which is nearly identical with the one in photocatalytically

active Degussa P25.

Obtamed results (Fig. 2)
showed that UV uradiation
induces a higher decrease of
MB concentration than the
visible light. Nevertheless,
concentration of MB was
decreased for about 70 % in
the presence of TiO»/HTC
and visible wrradiation. The
regeneration and recycling
of Ti0» photocatalysts is one
of key steps in practical

applications of this
heterogeneous

photocatalysis  in  water
purification. Therefore, an
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Figure 2. MB removal in the presence of
Ti0O>/HTC under the UV and visible light

with embedded kinetics graph

examination of the photocatalytic activity of the recycled TiO»/HTC was
carried out under UV light irradiation. The results are presented in Fig. 3.
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The degradation rate in first cycle was 91.9 %. while after five cycles
degradation rate was decreased to 81.2 %.

CONCLUSION o
Photocatalytically active
TiO2/cartbon composite was
obtained by  hydrothermal
carbonization, using titanium
1sopropoxide and glucose as a
titanium and carbon precursors,
respectively. It was found that
photocatalytic activity
increases with addition of A o L L A
glucose precursor solution, due o o o e of
to the increase in the share of Figure 3. Recycle of the TiIO2/HTC4
photocatalytically active composite for the degradation of MB
anatase phase in obtained (initial concentration of MB 10 mg dm?,
TiOy/carbon composite. Also, 50 ml)

carbon presence in TiO»/HTC leads to the higher surface area, which
synergistically improved the photocatalytic activity by enhancing the
adsorption of the organic pollutants. Consequently, TiOo»/HTC showed the
superior photocatalytic activity toward methylene blue, under UV
irradiation and satisfactoryphotocatalytic activity under the visible light. In
addition, TiOo»/HTC could be used for multiple degradation cycles with
slight decrease in photocatalytic activity, as well as a promising candidate
for photocatalytic processes using visible light.

5 8 g
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