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Abstract

This research was to synthesize titanium dioxide and tin oxide — nitrogen doped
titanium dioxide nanoparticles. Amount of tin oxide was fixed at 3mol% and that of nitrogen
doped was varied from 10 to 40 mol% (TiO,, TiO,/3Sn0O,, TiO,/3Sn0,-(10-40)N) to improve the
photocatalytic efficiency and anti-fungal properties against Phytophthora spp. causing leaf fall of
rubber tree. Titanium dioxide nanoparticles were synthesized by sol-gel process and calcined at
400-600°C. From XRD analysis, it was found that anatase phase remains the predominant phase
at 400 and 500°C and as a mixture of anatase and rutile phases was performed at 600°C. XPS
study confirmed that N replaces the O in the lattice of TiO, and TiN is partly present. Co-doped
SnO, and N in titanium dioxide can reduce energy gap to be 2.98 eV and nitrogen doping seems
to hinder anatase to transform to rutile phase. This results in enhancement of photocatalytic
reaction. In addition, the testing of photocatalytic reaction was done by means of methylene blue
degradation under UV or fluorescent irradiation for 80 minutes. TiO,/3SnO,-40N nanopaticles
exhibited the highest photoactivity which its degradation rate was about 95.27% and 70.45%
under UV or fluorescent irradiation, respectively. Furthermore, the fungal disinfection test was
performed by TiO,/3Sn0O,-40N powder at the concentration of 1 mg/ml under UV or fluorescent
irradiation for 5 hours. Phytophthora spp. was completely killed with both conditions. Therefore,
Ti0,/3Sn0,-40N sample calcined at 600°C was selected to prepare TiO, colloids in which TiO,
nanoparticles were dispersed in chitosan or wood vinegar (0.5% solution) 0.1% solid. The
colloids were stabilized by a dispersant, Calgon at pH 7. The anti-fungal of Phytophthora spp.
test using the prepared colloids of 1 mg/ml was also done and it was revealed from SEM analysis
that cell walls of Phytophthora spp. have severely damaged and finally died. This result is
consistent with experiments on fresh leaves of rubber. For disinfection of Phytophthora spp. with

TiO,/3Sn0,-40N in chitosan and wood vinegar solution on young rubber trees (PRIM 600), the



®)

test started with spraying fungal spores’ concentration 2x10° spores/ml to 4-months old rubber
trees and kept them in cool place for 5 days before spraying with TiO, colloids at 1 mg/ml
concentration. The infection of samples and control were observed continuously during 30 days.
It was found that TiO, colloids either in the chitosan or wood vinegar solution can completely
killed Phytophthora spp.. The rubber trees treated with colloidal titanium dioxide were not

infected and grew well compared with the control without using colloidal titanium dioxide.
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Material name Anatase
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 3.7842(13) 3.7842(13) 9.5146(15)
o(deg), f(deg), y(deg) 90 90 90
Unit cell volume (A3) 136.3
D, (g/em’) 3.89
Space group 14 /amd (No.141)
Atom Site G xla /b zle B(A%
Ti 4a 1 0 0 0 0.390(63)
0] 8e 1 0 0 0.2081(2) 0.613(90)

(AW": Horn et al., 1972)
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Material name Rutile
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 4.593(2) 4.593(2) 2.959(2)
a(deg), f(deg), y(deg) 90 90 90
Unit cell volume (10\3) 62.42
D, (g/cms) 4.25
Space group P4 /mnm (No.136)
Atom Site G xla /b z/e B (Az)
Ti 2a 1 0 0 0 0.42(6)
o) 4f 1 0.3051(7) 0.3051(7) 0 0.6(6)

(‘ﬁm: Meagher et al., 1979)
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Material name Brookite
Composition TiO,
System Orthorhombic
Temperature (°C) 25
a(A), b(A), c(A) 9.174(2) 5.449(2) 5.138(2)
a(deg), f(deg), y(deg) 90 90 90
Unit cell volume (A3) 257
D, (g/crn3) 4.13
Space group Pbca (No.61)

Atom Site x/a /b zle B(A%
Ti 8c 0.1289(1) 0.0972(1) | 0.8628(1) 0.37(3)
0Ol 8c 0.0095(4) 0.1491(5) | 0.1835(5) 0.46(6)
02 8c 0.2314(4) 0.1110(4) | 0.5366(6) 0.53(7)

Ry Meagher et al., 1979)
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(AW Judelson et al., 2005)
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(‘ﬁﬂJ”I: Hou et al., 2007)
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(VI‘JJ”I: Wang et al., 2011)
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[ TTIP 8.90 ml ] [ C,H,OH 143 ml ]

Stirr 15 min

[ TTIP solution ]

4 .................. HZO 1‘62 ml
\ 4
[ Mixed solution ] NH,0H 2 M
Stirr 45 min {4 and PEG4000

Sol 0.0025mol%
Precipitate

Washing .................. » v

[ Drying by microwave ]

Y

Calcined

\ 4

TiO, Powder

\ 4 A\ 4

[ Photocatalytic reaction test ] Characterized by XRD, SEM,

TEM, UV-Vis DRS and FT-IR
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[ Photocatalytic reaction test ] Characterized by XRD, SEM,

TEM, UV-Vis DRS and FT-IR
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[ TTIP 8.90 ml ] [ SnCl,.5H,03.155 g ] Urea 10-40 mol% ] [ C,H,OH 143 ml ]
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Stirr 15 min
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Washing .................. » v
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[ Photocatalytic reaction test ] Characterized by XRD, SEM,

TEM, UV-Vis DRS and FT-IR
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2.9.2 X-ray Photoelectron spectroscopy (XPS)
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2.9.3 Scanning Electron Microscope (SEM)
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2.9.4 Transmission Electron Microscope (TEM)
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2.9.5 Fourier-Transformed Infrared spectrophotometer (FT-IR)
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2.9.7 Ultraviolet-Visible spectrophotometer
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a d v d a
3.2 wamsanseh aansuves welnmitisnlaeenleadiematin  X-ray Photoelectron

Spectroscopy (XPS)
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(m) TSN30 (6,000x) (n) TSN30 (40,000x) (0) TSN30 (90,000x)
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a dJ d a
3.4 wamauanzvind lnniiaslasenlsadlemaiin  Fourier-transformed  infrared

spectrophotometer (FT-IR)
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M13197 3.3 ﬂ’J”Illauag%ﬁﬂﬂWiﬁU%EQWUﬁxﬁ}?ﬂlﬂﬂﬁﬂ FT-IR mmm"lmmﬁﬂm"lﬂaaﬂ"lmﬁ

WownNgangil 500 ovrwaIFyd

Mot | vadu em™) unAundoyad1ede em”) ¥iiavoamsdu

TP 547.18 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1632.14 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3415.32 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TS 646.05 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1633.63 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3434.40 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TSN10 647.82 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1459.74 1440-1400 (Jiaqing et al., 2009) N-H bending
1633.11 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3432.08 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TSN20 546.74 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1456.55 1440-1400 (Jiaqing et al., 2009) N-H bending
1632.34 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3431.23 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TSN30 | 543.61, 650.96 | 649-485 (Yaithongkum et al., 2011) O-H stretching
1457.64 1440-1400 (Jiaqing et al., 2009) N-H bending
1632.51 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

343343 3450-3420 (Senthilnathan and Philip, 2010) Ti-O stretching

TSN40 651.81 649-485 (Yaithongkum et al., 2011) O-H stretching
1457.21 1440-1400 (Jiaqing et al., 2009) N-H bending
1632.36 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3424.50 3450-3420 (Senthilnathan and Philip, 2010) Ti-O stretching
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M3190 3.4 ﬂ’J”Illauag%ﬁﬂﬂWiﬁU%EQWUﬁxﬁ}?ﬂlﬂﬂﬁﬂ FT-IR mmm"lmmﬁﬂm"lﬂaaﬂ"lmﬁ

ioniigumgil 600 oerniraiFue

§0619 | 1auAdu (em”) munAunnoyadiede em’) ¥iiaveamsdu

TP 597.57 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1636.15 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3435.33 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TS 583.08 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1634.44 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3423.54 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TSN10 618.20 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1398.94 1440-1400 (Jiaqing et al., 2009) N-H bending
1628.70 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3434.41 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TSN20 607.75 649-485 (Yaithongkum et al., 2011) Ti-O stretching
1405.07 1440-1400 (Jiaqing et al., 2009) N-H bending
1633.43 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3447.99 3450-3420 (Senthilnathan and Philip, 2010) O-H stretching

TSN30 622.93 649-485 (Yaithongkum et al., 2011) O-H stretching
1405.67 1440-1400 (Jiaqing et al., 2009) N-H bending
1634.67 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

3434.76 3450-3420 (Senthilnathan and Philip, 2010) Ti-O stretching

TSN40 583.51 649-485 (Yaithongkum et al., 2011) O-H stretching
1423.03 1440-1400 (Jiaqing et al., 2009) N-H bending
1635.82 1640-1630 (Senthilnathan and Philip, 2010) O-H bending

344331 3450-3420 (Senthilnathan and Philip, 2010) Ti-O stretching
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a d d a
3.5 wamuanzdindlnndanlaeenlaadiemain  UV-Visible Diffuse Reflectance

spectroscopy (UV-Vis DRS)
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TSN10 0.450 0.394 0.333 0.196
TSN20 0.411 0.335 0.280 0.145
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TSN40 0.338 0.252 0.187 0.047
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TP 0.974 0.854 0.752 0.658

TS 0.926 0.818 0.680 0.565
TSN10 0.880 0.726 0.597 0.456
TSN20 0.840 0.668 0.547 0.369
TSN30 0.795 0.605 0.496 0.326
TSN40 0.774 0.555 0.452 0.295
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M3 V.1 ANANIFAINAIVOING TSN4O 16130NINNITNN QUHAN 600 DIAUTAITY Tu

U

Winaui pH 7

Run Mobility Zeta Potential (mV) Rel. Residual
1 -1.15 -14.68 0.0253
2 -1.13 -14.48 0.0251
3 -1.00 -12.81 0.0249
4 -1.27 -16.27 0.0310
5 -1.58 -20.25 0.0135
6 -1.43 -18.36 0.0294
7 -1.39 -17.77 0.0141
8 -1.29 -16.46 0.0188
9 -1.50 -19.18 0.0231
10 -1.40 -17.95 0.0185
Mean -1.31 -16.82 0.0024
STD. Error 0.06 0.73 0.0019
Combined -1.31 -16.78 0.0090
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Water 0.778 | 0.642 | 0.520 | 0.420 | 0.334 | 0.200 | 0.118 | 0.065 | 0.050 | 0.039
1:100 0.970 | 0.937 | 0.882 | 0.831 | 0.782 | 0.705 | 0.454 | 0.398 | 0.190 | 0.147
1:200 0.979 | 0.972 | 0.951 | 0.889 | 0.838 | 0.787 | 0.755 | 0.705 | 0.475 | 0.402
1:300 0.980 | 0.965 | 0.945 | 0.876 | 0.832 | 0.765 | 0.704 | 0.637 | 0.415 | 0.346
1:400 0.971 | 0.932 | 0.865 | 0.798 | 0.734 | 0.664 | 0.600 | 0.480 | 0.264 | 0.233
1:500 0.874 | 0.773 | 0.691 | 0.560 | 0.427 | 0.376 | 0.268 | 0.213 | 0.114 | 0.085
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0 1.000 | 1.000 | 1.000 | 1.000 | 0.884 | 0.861 | 0.828 | 0.394 | 0.194 | 0.144 | 0.111
0.1 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.840 | 0.581 | 0.344 | 0.293
0.3 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.887 | 0.713 | 0.571 | 0.488
0.5 | 0.687 | 0.639 | 0.490 | 0.485 | 0.363 | 0.350 | 0.340 | 0.213 | 0.143 | 0.108 | 0.089
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Pl 2 4 6 8 10 | 12 | 24 | 48 | 72 | 96 | 120
5.5 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.887 | 0.713 | 0.571 | 0.488 | 0.424
7 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.942 | 0.776 | 0.636 | 0.505 | 0.438
9 0922 ]0.785 | 0.657 | 0.576 | 0.521 | 0.151 | 0.133 | 0.115 | 0.095 | 0.082 | 0.064
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1:100 0.899 0.706 0.507 0.261 0.053 0.012
1:200 0.952 0.864 0.794 0.599 0.328 0.125
1:300 0.940 0.825 0.706 0.492 0.188 0.055
1:400 0.936 0.739 0.616 0.302 0.063 0.014

1 ) Yy 9 a a o 1 Aa aa
AT V.6 ﬂ1ﬂ1§@ﬂ°ﬁﬂllﬁ\ﬂlﬁ)\m\1 TSN40 ANWUINVY 1uaaﬂimauaaamumuaaﬂiu

[Y] 1 %’ 9) [ Y %’ L% = d‘ 9 9 1
amwmumaumu'lmammmu 1:200 Taal Calgon NANULUYNIUAIG

AMM3QAFUNEINIAN (FI9)
Calgon
2 4 6 8 10 12 18 24
0 0.949 | 0919 | 0.896 | 0.851 | 0.822 | 0.773 | 0.747 | 0.720
0.05 1.000 | 0.983 | 0965 | 0929 | 0919 | 0.881 | 0.851 | 0.832
0.1 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.977 | 0.963 | 0.952
0.2 0.771 | 0.667 | 0.606 | 0.532 | 0.483 | 0.435 | 0.358 | 0.330
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MMs@AFUIITIIMNI (FIN9)
pH
2 4 6 8 10 12 18 24
3.98 0.930 0914 0.891 0.864 0.820 0.787 0.724 0.682
5 1.000 1.000 1.000 0.994 0.977 0.967 0.952 0.930
7 1.000 1.000 1.000 1.000 1.000 0.981 0.969 0.958
9 0.989 0.994 0.980 0.948 0.928 0.853 0.806 0.792
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ANNVNTUVDI valudidia )
TiO, (mg/ml) 0 1 2 3 4 5
Control 1.000 2.467 4.800 6.417 7.617 8.950
0.25 1.000 1.817 3.367 5.367 6.700 8.300
0.5 1.000 1.000 1.900 3.783 5317 7.050
0.75 1.000 1.000 1.000 1.000 1.000 1.000
1 1.000 1.000 1.000 1.000 1.000 1.000
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ANNVNTUVDI valufisla ()
TiO, (mg/ml) 0 1 2 3 4 5
Control 1.000 3.600 5.433 7.633 8.783 8.900
0.25 1.000 1.817 3.367 5.367 7.500 8.467
0.5 1.000 1.000 1.600 2.717 3.517 5.017
0.75 1.000 1.000 1.000 1.000 1.000 1.000
1 1.000 1.000 1.000 1.000 1.000 1.000
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Yhazay
0 1 2 3 4 5

Control 1.000 | 3650 | 5532 | 7.634 | 8842 | 8934

Chitosan 1.000 | 1.000 | 1400 | 3400 | 5183 | 7.300

Wood vinegar 1.000 | 1000 | 1200 | 2367 | 3517 | 5.150

TiO,- Chitosan 1.000 | 1.000 | 1000 | 1000 | 1000 | 1.000

TiO,- Wood vinegar | 1.000 | 1.000 | 1000 | 1000 | 1000 | 1.000
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Abstract: Sn0y/N — doped Ti0y, photocatalysts were prepared by the modified sol-gel method. Tin
tetrachlonide pentahydrate. urea and polyethylene slycol were used as precursors and calemed at a
temperature of 500 °C for 2 h for making powders. Different mterstitial amount of nitrogen addit-
ives were in range of 0 to 40 mol®%N. The XFD pattems show the TiO: nanocomposites are anatase
phase. It was also apparent that doped nitrogen has an effect on crystallite size and band gap energy
on absorbed light wavelength leading of enhancement of photocatalytic activity of a0y

composite nanoparticles. The result showed 20 mol®:N of Ti0; nanocomposites exhibited high
photocatalytic activity, redshift in adsorption edge and a small crystallite size.

Introduction

Titanmm diomde (Ti05) 15 one of the most popular and promsing materials m photocatalytic application,
solar cells, water and air punfication. self - cleaming surfaces and gas sensing becanse of its high
photocatalytic activity, stability. non-tosie and low cost [1-3]. The photocatalytic sctivity of Ti0),; depends
of crystal stuchure, particle size distmbution ]:Ilﬂl'p]lﬂlﬂ-E‘i. surface area, pumsin and surface hydrosyl

group density [4-5]. However. TiO: can be activated only m the ultraviclet region due to ifs large energy
band gap of 3.2 &V for anatase, which seems to have a problem on activity with solar light since 1t
contained only 3-3% UV light. many approaches have been applied to imoprove the visible light
response of Ti0y. Fecently, most Ti0; photocatalysts have been doped with metals, non-metals and
polymer or co-doped with several ions mto TiCq such as Sn0O; addition focused on decreasing the
racombination rate of photogenerated electron—hole pairs using Ti(h; based heterogeneous catalysis
materials, nitrogen is one of the most effective approaches in improving properties and photocatalyt-
ic of TiQ, in visible light regions and PEG addition can also improve catalyst performance such as
crystal structure, crystal size. porosity and surface area [6-10]. A large number of techmiques have
been used to prepare of Ti0: nancparticles such as sol-gel, hydrothermal method and spray depos-
ition. Every method has its own advantages and disadvantages. Sol-gel 1s one of the most successful
techniques because good homogeneity, low processing temperature and low cost [11]. In this paper,
we report on the mrl:hesns and characterization of Ti0; nanoparticles prepared by using a modified sol-gel
method. Sn0s, p::ul} ethylene glycol (PEG) and urea as source of nitrogen doping agent in Ti04 nano-

composite. The samples have been charactenized using XRD. SEM, FT-IR. Laser scattering particle
size analyzer and UV-vis spectrophotometer. Phase. morphology. energy band gap. particle size and
photocatalytic activity of the samples were investigated. The nitrogen concentrations are varied 0-40
mols whereas the amownt of Sn0y and PEG were fixed at 3 mol®s and 1.0 g. respectively.

All rights reseneed. Mo part of contenis of this paper may be reproduced or arsmithed In any form or by any mears wilhout the w ifen permission of TTF,
W Bponet. (I0: 20212 74, 116031 2.0703:43)
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Experimental

Reagents and materials

Titanium (IV) isopropoxide (TTIP, 99.95%, Fluka Sigma-Aldnich), tetrachlonide pentahydrate
(5nCl 5H;0. 98%. Fluka Sigma-Aldrich) and polyethylene glycol having an average of molecular
weight 4000 (PEG400), commercial srade) were used as starting materials. Ethanol
(99 9%; Merck Gemmany) was used as a solvent and urea (CONHz2)z, 90%. Fluka Sigma-Aldrich)
as a source of nitrogen doping agent.

Preparation of Ti0, nanocomposites powders

» Ti0a (TF): 2 M NH3OH was added drop wise into the stiming selution containing 8.9 ml TTIP
n 143 ml ethanol to fix pH at 3-9. The mixture was contimously stirred at room temperature
until a clear and homogeneous solution was obtamed.

s Ti0y5n0y (TS): A mixture composed of TTIP 8.9 ml. ethanol 143 ml and 5nCl, 3H,0
0.3133 g was stirred for 15 min and then 2 NHyOH and PEG4000 1.0 g were added to get
the pH 6-7 and further stimred for 45 min.

» Ti0,/Sn0yN (TSN): 10, 20. 30 and 40 mel®: of N samples were symbolized as TSN10,
TSN20. TSN30 and TSN40, respectively and were prepared in the same way T5.

Three types of sols were precipitated then filtered and dried by a domestic microwave oven at 150
W for 30 mun wntil white TiOq powders were obtamed. l-'mall\ as Teceived powders were ground
using mortar in order to reduce the agglomerate grains and then calcined at 500 °C for 2 h with a
heating rate of 10°C/min.

Materials Characterization

The morphology and particle size of synthesized powders were characterized by Scanning Electron
Microscope (SEM) (Quanta—iﬂ'l}} and pa.m::le size analyzer (Matersizer 2000, respem'.'eh The in-
frared spectra were recorded using Founter-transformed infrared spedmphntam&tﬂ' (EQUINOXSS.

Bruker, Germany) in diffused reflectance mode at 4000400 cm ! with EBr as blank, the phase
composition was characterized using an x-ray diffractometer (XPD) (Phillips X pert MPD. Cu-K}.

The crystallite size was calculated by the Scherer equation. Eq 1, [12]

D=09%% P cosbs (1)

Where D is the average crystallite size. & 15 the wavelength of the Cu K, line (0.13406), 8 is
the Bragg angle and | is the full-width at half-maximum (FWHM) in radians. The band gap (E;)
was derived from the diffused reflectance spectra measured by using UV-vis spectrophotometer
(Shimadzn TV-2401). The spectra were recorded in diffused reflectance mode with BaS0s as a ref
erence. The band gap energies of the catalyst were caleulated by the Planck's equation. Eq.2.
[13]

E,=he/ = 1230.85. @

Where Eg is the band gap of the sample (&) and . is the wavelength comesponding to the
absorption edge ?nm:l.

Photocatalyvtic activity test

Photocatalytic activity of Ti0y nanocomposites powders was evaluated from an analysis of the
photodegradation of ]:Ilfﬂl}lﬂlt blue {'MB] aqueons solution. In a typical expenment, MB solution
having an initial concentration of 1x10” M was mixed with 0.0375 g of photocatalyst powder an
indicator for 1 h to achieve adsorption/desorption equilibrium before being irradiated under the UV
lamap {(black light) of 50 W and fluorescent lamp of 30 W. The distance between the testing substrate
and the light source was 32 con. The photocatalytic reaction test was in the dark chamber by UV and
visible light iradiation at the vanouns times for 20-80 mm_ After being centrifuged supematant solu-
tion was measurad for MB absorption at 663 nm using a UV-vis spectrophotometer. The percentage
of degradation of MB is calculated by Eq. 3[14].
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Percentage of degradation = 100{Cy-C)/Cq (3)

Where Cy is the concentration of MB aqueous solution at beginning (12107 M) and C is the
concentration of MB agqueous solution after exposure.

Resultz and Discussion

Characterization

XRD patterns of the TiCh powders in all case calcined at 500 °C for 2 h are presentin Fig. 1.
All samples have shown similar peaks with the highest peak at 25.43° (JCPDS, NO. 07554) which
indicates as anatase phase. This result indicated un-doped and 5n0; doped TiQ; have crystallite
sizes gbout 14 nm. On the other hand. the adding mitrogen has significantly affects on crystallite size
of about 20-35 nm for the anatase phase. Moreover, the addition of nitrogen also influences particle
size of powders. When the content of nitrogen was 0. 10, 20, 30 and 40 mol%, the particle size of
samples were 1071, 549 178. 1432 and 1865 nm._ respectively. It can be seen that particle size
decreased with the amount of nifrogen to reach a nuninmm at 20mel?eN (TSN20 powder) and then
increased with further increase in the amount of nitrogen. Morpholegies of TP, TS and TSN
revealed by SEM micrographs are shown in Fig. 2. All samples have a similar morphology, in that
they consist of the agglomeration of smaller particles. Cluster sizes of the as-synthesized catalvst
are strongly dependent on the content of nitrogen.

A & Anatase
A & & 3

Intensily (o}

24
Fig. 1 XFD pattems of (3} TP. (&) T5. {2} i Fig. 2 SEM images of (a) TP, (b) T5. (c)
TSN10 (d) TSMN20. (2) TSN30 and (f) TSN40 TSN10 (dy TSMN20. () TSIN30 and (f) TSN40
powders powders (magnification 40,000x)

FT-IR. spectra of all the synthesized titanium dioxide powders i the range 4000-400 cm™
wave number are shown in Fig. 3. The large broad band at 3400-3300 cm? is assimed to the
stretching vibration of surface OH modes. These bands are in the hydroxyl stretching region and
should comespond to O-H vibration of the Ti-OH groups and H:0 molecules. The rather namrow
bands around 1600 cm™ and 1400 cm™ can be assigned to OH modes (bending modes) of hydroxyl
(OH) groups. The mew small peaks located at 1440 cm™. This peak should be assismed to the
bending vibration mode of the N-H bending indicate the doping of nitrogen atom into the samples
which might be formed by doping nitrogen with the absorbed H,O. The peaks at 649-485 cm™!
comespond to the vibration of Ti-0 [15-16].

The ultraviolet—visible (U'V—is) spectra of TiO:z powders were illustrated in Fig. 4. Tt was
found that nitrogen doping caused sigmificant absorption shifts into visible region compared to the
absorption threshold of the synthesized un-doped nitrogen. It can be seen that all synthesized Ti0y
powders have an effect on the UV-vis spectra, especially in the case of TSIN10 and TSN20
specimens. Therefore, Eg of TP powders (3.18 eV) is nearly at the same value with the commercial
anatase TP powders (3.20 V). The more amount of nifrogen doping. leading to the reduction of
band gap energy from 3.15 to 3.03 V.
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Fig. 3 FT-IF. spectra of the synthesized TiO, ~~ Fig 4 UV-visible absorbance spectra of the
nanocomposite powders synthesized Ti0: nanocomposite powders
Ph Iyt ..

The photocatalytic activity was evaluated using degradation of MB solution mmder UV and
visible light iradiations doring 0-20 min shown in Fig. 5 and Fig. 6. respectively. TSN20 powder
exhibits the best decomposition results under both light sources iradiations. After 80 min of testing.
the degradation percentages of TSMN20 powders under UV and wvisible light imadiations were
74 85% and §0.92% compared to those of TP powders of 50.87% and 41.41%, respectively. The
possible explanation for good photocatalytic activity is that the nitrogen atoms in the doped TiQ:
lattice have substitted oxygen atoms with ncreasing nitrogen percent concentration doped contents
[6]. We conclude that 20 mol*aN is the best condition for Sn0xN- doped TiO: photocatalyst having
a reasonable band gap. small crystallite and particle sizes and high degree of crystallinity of anatase
phase.

1
03 - :
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s 06 ] mrp
x TS Ll [
“ 04 1 e TsNI0 S oeud =
== | SNII bl 1 LU
0.2 1 ——rsnao i o
g —nd, - ' o =TSN 1
0 20 4 w8 o w4 e s
Irradiation time (min) Trradiation time {min}
Fig. 5 Photocatalytic activity of the Fig. & Photocatalytic activity of the
synthesized TiO; nanocomposite powders synthesized T10: nanocomposite powders

mmder UV iradiation under visible light irradiation
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Conclusions

Pure Ti0,. Ti0y/5n0; and Ti0y/5n0, doped with 1040 mel?:N nanocomposite powders
were prepared by the modified sol-gel method and calcined at temperature of 300 °C for 2 h. The
XPD patterns result that Ti0» nanocomposites have 100% anatase phase. Ti0w/5n0y with
20mol?N showed high photocatalyvtic activity i the degradation of MEB for 20 min and its
degradation rate was about 74.83% and 6092% umder UV and wvisible light mradiations
respectively. The addition of nitrogen atoms influences on crystallite and gram sizes and
crystallinity of the anatase phase, resulting m a good photocatalytic activity of SnO./W — doped
Ti0, photocatalyst.
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Abstract: Sn0,N doped T70. photocatalysis was
developed by a sol-gel method. The pnihesized qf
En0,/N doped photocatalysis were characterized by
JXRD, SEM, UF-vis and FI-IR. The crystailine phase
aqf TiQ, nanocompasite calcined ar the tempararture
gf 600 °C for I k with a heating rate gf 10°Cimin
comprized af mixed anataze and rutile phases. It was
alse found that doped nitrogen kas an gffect on phase
conient af angiaze phase which it increased with the
nitrogen contents o reach a moamum ot 30moel %N
and them decreased with firther increaze m the
amount qf nitrogen. UT-vis results showed thar Tght
absorbed wavelength was shifted up to J00 nm with
mcreasing nitrogen contents. The bandgap enerey af
nQ, mmocomposite also decreased from 3.20-21.98
oF with an morease @ the mitrogen contents. The
photocatalytic activily qf TT0, maonocomposite Wz
astimuated through the desradarion qf methylene blue
(MEB) wunder UF and wvizible-light fradiations,
raspeciively. The result showed <40mol%eN qf IiQ,
nanocomposite @xhibited good photocatalytic acirvity
under the both Reht sources irradaations and redshift
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1. INTRODUCTION

In recent years, titanium dioxide (Tr0s) is nsed
in wide spplication in photocatalyst, self —cleaming
surfaces, solar cells, water and air purification, gas
sencing and optcal coating [1-4] becmse of its

umigque properties such as good photocatalytic
activity, chemical stability, non- toxic natore, large
band zap and low cost [5-6]. The TiD, has three
different corystal struchires: anatase, mutile and
brookite Two crystal stocture of Ti0),, anatase and
maiile are usually used in photocatatyst. The stucture
of anatase and mutile showed a higher photecatalytic
activity. In stadying of Tid,, it is known that the
mired strocture of anatese and rutile can increase the
photocatalytic actvity of TiD; For example a
product of commerrial TiQ: nenoparticles (Depussa
F215) consisting of mixed 80% anatase and 20%: ratile
phases has been proven to be good photocatalytic
activity [7-8]. More recemtly, mest Tidy
photocatalysts have been doped with noble metals,
non-metals snd polymer of co-doped with several
ions intp TiDs such as 5p0: addifion focosed om
decressing the recombination rabe of betwesn the
elecrons and boles becamse the electroms om the
condnction band of TiDy can be mapped to So0y
closter, nitrogen leading to a spectral shift towards
the visible regions and PEG additon can also

ll]Thesul-gelnnﬂm-dlsmsuhedassnaﬂbcmre
approach for the prepared of immobilized Ti0y
nanoparticles becanse good bomopensity, low
processing femperatmre and low cost [12]. In the
present experiments, we report on the symthesis and
characterization of Ti(); nanoparticles prepared by
using a sol-gel method. Sn0;, polyethylene glycol
(PE() and wea s source of nitogen doping agent in
TiD; nenocomposite. The samples have been
characterized nsing XFD, SEM, FT-IE and UW-vis
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spectrophotometer. Phase, morpholozy, energy hand
eap and photocatalytic activity of the samples were
040 mol% whereas the amount of 5p0. and
PEGHDM) were fixed at 3 mol* and 0.0025 mol®,

respectively.

1 EXFERIMENTAL
11 Eeagents and materials

Titanimm (TV) isopromide (TTIP, 99.95%, Fluka
Sigma-Aldrich), tetrachloride pentahydrate

(5nCl, SH,0, 98%, Floka Sigms-Aldrich) and

polyethylene glycol having an average of molecuolar

weight 4000 (PEGHMM), commercial prade) were

used as starting materials. Ethanol (CHOH, 99.9%,

Merck Germany) was used a5 a solvent and urea

(OOMH,):, 90%, Fluka Sizma-Aldrich) as a source

of nitrogen doping agent.

11 Preparation of TiQ: namocomposite powders

« TiQ; (TP). 2M NHL,OH was added drop wise
imto the stming solution contsining §.9 ml TTIF
in 143 ml ethanol to fix pH at 3-8, The mixture
was comtimnously stimed 3t room temperafure

¢  TiDy5nD: (T5): A mixhoe composed of TTIP
£.9 ml, ethanol 143 ml, and SnCl, 5H,O 0.3155
g was stimmed fior 15 min and then 2M NH/OH
and PEG4000 1.0 g were added to get the pH §-
7 and further stirred for 45 min.

o Ti0WEn0,/M (TEN): 10, 20, 30 and 40 mol% of
M samples were symbolized as TSN10, TSM2Q,
TS5M30 amd TSN40, respectively amd were
prepared in the same way T5.

Three types of sols were precipitated then fltered

and dried by 8 domestic microwave oven at 150 W

Finally, as received powders were zround using

martar in order to redoce the agglomerate grains and

then calcined at G00 °C for 2 b with 3 heafing rate of

10°C/min for 2 b

spectrophotometer (EQUINOXSS5, Broker, Germany)
in diffused reflectance mode at 4000400 cm ' with
EBr as blank crystal structhore amd phase
composition were chamacterized wusimg an x-ray
diffractometer (XFDY) (Phillips X pert MPD, Cuo-K).
The crystallite size was calculated by the Scherer
equation, Eq 1, [13]

D =001 § cosfy (1
Where I} is the averape crystallite size, 1 is the
wavelength of the Cu K, lime (0.15408), & is the
Bragz angle and § is the full-width at half-marinmmm

(FWHM) in radians. The band gap (E;) was derived
fiom the diffused reflectance specta measured by
using UWV-vis spectrophotometer (Shimadza TIV-
2401). The specira were mecorded im diffused
reflectance mode with BaS0, as a reference. The
hand gap enerpies of the catalyst were caloulated by
the Planck’s equation, Eq.2, [14]

Egp =hed =1239.53 [#4]

Where E, is the band gap of the sample (@F) and 4 is
the comresponding o the sbsorption edze
(o).

1.3 Photocatalytic activity test
Photocatalytic activity was evaluated from an
analysis of the photodegradation of MB aguecus
solution. In a typical experiment, MEB sohition having
an initial concentration of 1x10* M was mixed with
0.0375 g of photocatalyst powder. The suspensioms
was kept im the dark for 60 min to achieve
i omid . I b being
irradiated under the TV lamp (black light) of 50 W
and fluorescent lamp of 50 W. The distance between
the testing substrate and the light souwrce was 32 cm
The photocatalytic reaction test was in the dark
chamber by UV and wisible light imadistion at the
varigus times for 20-80 min  After being cenirifized,
supernatant  solution was measured for MB
shsorption &t

percentape of degradation of MB is calmlated by Eq.
3[15].

Percentage of degradation = 100C,-CWE,  (3)
Where C; is the conceniration of MEB aqueous
solution at besinming (1x107° M) and C is the
concentration of MB aquecus solution afier exposure
fTom light sowmce.

3. RESULTS AND DISCUSSION
31 Characterization

Fig.1 shows XFD patterns of the Ti0, powders
in all case calcined at 600°C for 2 b A single phase
of snatace can be seen at TP powders snd mixzed
anatase and mtile phase were formed at TS and TSH
powders. The aystallite sizes and phase comtent of
TiD: powders are listed im Table 1. This result
showed TiQ, powders hawve crystallite size of sbout
16.50-23 .60 nm Moreover, the addition of nitrogen
also influences phase content of powders. Anatase
phase comtent of 0, 10, 20, 30 and 40mol%:H.
Percentage phase combent were 29.51, 40.90, 78.78
and 76.08 nm respectively. It can be seen that phase
content of anatase phase increased with the nirozen
conients to reach 8 maximmmm st 30mel%M (TSH30
powder) and then decreased with firther increase in
the amount of mittopen Morphologies of TiD
powders characterized by 5EM micrographs are
shown in Fig. 2. The particle size of the composite
powders was sbout 500 mm Al samples have a
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similar morphology and the agglomeration of smaller
particles. Cluster sizes of the as-synthesized catalyst
are strongly dependent on the nitrogen contents.

Tablel. Crystallite size and phase content of TiO,
powders synthesized at various nitrogen contents

after calcinations at 600°C for 2 h.
Crystallite size (nm) | Phase content Qﬁ)
Anatase Rutile | Anatase | Rutile
P 20.70 - 100 -
TS 16.50 41.60 9236 764
TSN10 23.60 3320 2051 70.49
TSN20 20.70 41.60 4090 59.10
TSN30 20.70 3320 78.78 21.22
TSN40 23.60 41.60 76.08 2392
4
4 Anatase ¢ Rutile
+
by A% 4,
>
M an ih L] an m

20

Fig. 1 XRD pattemns of (a) TP, (b) TS, (c) TSN10 (d)
TSN20, (e) TSN30 and (f) TSN40 powders

Fig 2 SEM images of (a) TP, (b) TSN20 and
(c) TSN40 powders (magnification 40,000x)

Fig. 3 shows the ultraviolet-visible (UV-wis)
spectra of TiO, powders. It can be seen that the
nitrogen dopants effectively extended absorption of
TiO; into the visible light range. The TSN samples
absorbed longer wavelength than un-doped TiO, up
to 400 nm Therefore, energy gap of all mitrogen
doped TiO; (3.00-2.97 V) were narrower than the
un-doped TiO, (3.20 eV).

The infrared spectra of all the synthesized
nanocomposite powders in the range 4000400 cm™
wave mumber are shown in Fig 4. The large broad
band at 3400-3300 cm” can be assigned to the
stretching vibration of surface OH modes. These
bands are in the hydroxyl stretching region and
should correspond to O-H vibration of the Ti-OH
groups and H,O molecules. The rather narrow bands
around 1600 cm™ and 1400 cm' can be assigned to
OH modes (bending modes) of hydroxyl (OH)
groups. The new small peaks located at 1440 cm™.
This peak should be assigned to the bending vibration
mode of the N-H bending, indicate the doping of
nitrogen atom into the TiO, powders which might be
formed by doping nitrogen with the absorbed H,O.
The peaks at 649485 an’ comespond to the
vibration of Ti-O [16-17].
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Fig. 3 UV-visible absorbance spectra of the
synthesized TiO, nanocomposite powders
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Fig. 4 FT-IR spectra of the synthesized TiO»
DANOCOMPpOsite powders

3.2 Photocatalytic activity

degradation of MB as a test reaction under UV and
Fig. 5 and Fig. 6, respectively. The degradation effect
of MB by TSN powders in some contents of nitrogen
was better than those of TP and TS powders. After
80 min of testing, the percent degradation under UV
irradiations of samples were 74.67, 76.77, 80.43,
85.49, 90.02 and 9527% and under visible hgh:
irradiations was 3423, 4349, 5440, 63.06 and
7045%whennsmg'm I’SandTSN(IMO)asd:e
photocatalysts, respectively. It was found that TSN40
showed the good activity in degradation of MB. The
possible explanation for good photocatalytic activity
is that the nitrogen atoms in the doped TiO, lattice
have substituted oxygen atoms with the increasing

nitrogen concentration [18] and narrower band gap
energy.
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Fig 5 Photocatalytic degradation of MB using TiO:
nanocomposite catalyst under UV iradiation
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Fig_ 6 Photocatalytic degradation of MB using TiO.
3. CONCLUSIONS

Pure TiO, TiO,/Sn0O, and TiO./SnO, doped
with 10 to 40 mol%N nanocomposite powders were
prepared by a sol-gel method and calcined at 600°C
for 2 b The XRD pattemns result that TiO;
nanocomposite have the mixed phase of anatase and
rutile. TiOy/SnO; with 40mol%N showed good
photocatalytic activity in the degradation of MB for
80 min and its jon rate was about 95.27%
and 70.45% under UV and visible Light irradiations,
respectively. It was found that with a suitable
amount, nitrogen doping effectively increased the
photocatalytic activity of the TiO; powders. The
absorbed Light wavelength of the SnO./N doped TiO,
was longer than that of un-doped TiO:;. It was
experimentally assumed that SnO/N doped on TiO,
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photocatalyst performs as sites where electrons were

trapped, resulting in retarding the recombination of
exrited electron and holes. Better separation of

electrons and holes on the Sp0yW - doped TiOy
photocatalyst, allow more efficient channeling of the
reactions rather than recombination reactions.

ACENOWLEDGEMENTS

The authors would like to acknowledgze
KANOTEC Center of Excellence at Prince of
Songkls University and Deparmment of Miming and
Materisls Enminesring, Faculty of Engineering,
Prince of Songkla University (P5U), Thailand for
fimancial support of this research.

REFERENCES
[11A. Fujishima, TN. Easo mﬂ DA Tok
“Titanium diooxide ", J Photoch

Photabio C., 2000, Vol. 1, pp. 1-21.

[21M Gretzel, “Dye-sensitized solar cells”, J
Photoch Photobio C., 2003, Vol 4, pp. 145-153.

[3] M. Gohin, E. Allam,hl Chemin and I Maurin,
*Eol-gel films with
enhanced self- ies”, J. Photeck
FPhotobie 4, 2010, Vol. 216, pp. 142-148.

[ﬂCEumr___EJm,PLmthﬂnghl, )

Caram Int., 2008, Vol 34, pp. 1067-1071.

[5]1 5.4 Amin, M. Pazouki and A. Hosseinnia,
“Synthesis of TI0—A g nanocomposite with sol-
gel method and investigation of its andbacterial
activity against E. eolf”, Powder Technol., 2000,
Vol. 196, pp. 241-245.

[6] W. Chen, D). Hua, T. Fun-ying and Z. Ji-mei,
“Photocatalytic  activity emhancing for Ti0,
photocatalyst by doping with La® Trans
Nowferrous Mer 50C Ching, 2006, Vol. 16, pp.
T28-T31.

[7] E.M. El-Maghraby, ¥. Nakarmura and 5.
films pmpmd by spin-coating with high
photocatalytic  performance”, Caoral Commae,
2008, Vol. 9, pp. 2357-2360.

[E] L. Zhao, M Han and J. Lian, “Photocatalytic
activity of Ti0, films with mixed snatese and
matile stctores  prepared by  pulsed laser
deposition”, Thin Solid Films., 2008, Vol 516,
pp. 3304-3308.

[¥] 5.Y. Chai, ¥.5. Kim snd WL Les,
So0, icles”, J. Electroceram., 2004, Vol.
17, pp. 323-326.

[10] T A. Rengifo-Herrera, E. Mielczarski J.
Mielczarski, M.C. Castillo, J Eiwi and C.
Pulzarin, “Excherichia coli mactivation by M, 5
co-doped commercial TiQ: powders umder
UV and wvisible light™, 4ppl Catal B-Emviron.,
2008, Vol 34, pp. H8-456.

[11] . Tristantini and F. Mustks=ari, “Modification
ufTﬂ:Ns.mpamdemﬂJPEGsndElD-ﬁurm-
fogging and application™, Jnt J Eng
Tech., 2011, Vol 11, Mo 2.

[12] 5. Bw, Z Jin X Lin, I Vang and Z Chenz,
“Fabrication of TiQ, porous thin films using peg
templates and chemictry of the process™, Aater
Chem Phys_, 2004, Vol BB, pp. 273-270.

[13] M. Arconada, A Chmam, 5. Suarez, B Poriela,
IM. Cummdn B. Sa:m:hez and Y. Castro,

sol-gel”, Jpp.r{',‘ami! E-Environ_, 2009, Vol 2§,
e 1-7.
[14] F. Rattanaksm and 5. Supothina *“Visible-light-

nitrogen source”, Raz Chem fntarmed ., 2009, Vol
35, pp. 263-260.

[15] L Sikongz, B. Eongrecng, D. Eantachote and W.
Sutthisripok, “Photocatalytic  actvity and
antibacterial behavior of Fe''-doped Ti0w/Sn0:
icles”, Energ Res J 1., 2010, Vel 2, pp.

120-125.

[14] J. Yaithonskwm E Ecoptamond L. Sikong and
D Esntachote, *“Photocatalytic activity against
penicilliom EXPATSIT of Ag-doped
TiDy S0y 5i0:", ddv Marer Rez, 2011, Vel
214, pp. 212-21?.

[17] 7. Geng, D). Yang, J. o D). Chen and Z. Jisng,
“Nitrogen-doped TiC. nsnotobes with enhanced
photocatalytic activity synthesized by a facle wet
chemistry method”, Meoder Res Bull, 2008, Vol

44, pp. 146-150.

[18] ¥. Wangz, G. Zhow, T. Li, W. Qiac and Y. Li,
“Catalytic activity of mesoporous Ti0y .M,
photocatalysts for the decomposition of methyl
orange wunder solar simmlated light”, Ol
Commu_, 2000, Vol. 10, pp. 412-415.

129



130

wAa Y A
sz InEIvay

d‘ [ J o Q( o

¥ ana UNAMHNONNG WUNTM
stadszdaninan 5310120087

) =
FMSANYN
a 4‘ £ = d' o =
0 ¥oaau Unausamsanyn
FAINTIUMAATIUNS UHINSoEUAIUATUNS 2553
(7ag)

=® d' Yo \J =
numsan (Mlasulusznanemsanin)
- NUIARAIAINT T ANZIAINTTUANAAT UMINOIBIAVATUATUNS
ao o I a = a @ a J
- NUgAnYUMIIRNINgUIaNuTuan Tumalulad urInerasasvaIuaITung

9 U

- uganUMI e Innfinut tadiainends uninndeasamaiung
miﬁﬁuﬁmmm%wmm

- Lek Sikong, Hataitip Panritdam, Juntima Chungsiriporn and Sompong Te-chato
“Synthesis and Characterization of SnO,/N — Doped TiO, Nanoparticles” Advanced Materials
Research Vols. 488-489 (2012) pp 22-26, ISSN 1022-6680.

- Lek Sikong, Hataitip Panritdam, Juntima Chungsiriporn and Sompong Te-chato
“Preparation and photocatalytic activity of SnO,/N- doped TiO, nanoparticles” The 10"
International Conference on Mining, Materials and Petroleum Engineering and The

6" International Conference on Earth Resources Technology, Sciences and Technologies

Towards 2012 : PSU-IC 2012, Songkhla, Thailand, 9-11 May 2012.



	(ตัวอย่างปกนอก แบบไม่ศึกษารายวิชา ปริชชาโท แผน ก แบบ ก 1 และปริชชาเอก แบบ1)
	00
	000
	0000



