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Synthesis and Photocatalytic Property of TiO, Photocatalysts
Using Hydrochars as Template
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Abstract Using hydrochars as template, TiO, photocatalysts were prepared by the sol-gel method. The samples
were characterized with X-ray diffraction (XRD), Fourier infrared spectrum (FT-IR), scanning electron microscope
(SEM) and BET specific surface area measurement. The photocatalytic activity was investigated by degradation of
methyl orange (MO) as target pollutant in the solution. The results showed that HTC-Ti0O, remained anatase type at
high calcination temperature due to the higher thermal stability than TiO,. The TiO, particles were almost
uniformly dispersed on the surface of HTC. HTC-TiO, had smaller crystal sizes, bigger specific surface area and
the flake structure, which had the same structure character as the hydrochars micro-structure and was beneficial to
improve the photocatalytic activity. The degradation rate of MO under 550 W iodine-tungsten lamp illumination for
2 hours was 40.6% in presence of HTC-TiO, calcined at 450°C, which increased by 1.5 times more than those in
presence of TiO; (16.2%).

Key words hydrochars; TiO,; sol-gel method; methyl orange; photocatalysis
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Fig. 1 XRD patterns of different TiO, samples
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Table 1 Crystallite sizes of different TiO, samples

FEAMAFR e TN
HTC-TiO,-450 30.7
HTC-TiO,-650 103.3
TiO,-450 47.6
Ti0,-650 1319
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Fig. 2 FT-IR absorption spectras of different TiO, samples
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Fig. 3 SEM images of different TiO, samples
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Table 2 BET surface areas of different TiO, samples
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Fig. 4 Photocatalytic activities of different TiO, samples
for degradation of MO

BT am, SRR 2 /NG e HE A Y A i 3 00 331 M 16.2%
H4.6% . X AT RESE H T HBbe i BE A e s, i i 28
BT ER B R BL AR Sy 4 21 47 R, [R] B ARE O B A 1A
R, WREBUT I, MBS LA,
M LG AE AL TG P, X SRR XRD, SEMFIBETH) %
TR R —3,

ST AE AR, LUK S A R ] % 1 TiO,
A T 9 D A Ak T PR 34 T R SR TR AR 48 7
TiO AL, 156 WY T 4 3k 2 v K B 9 i A i
A & B2 T+ TiO G AR 7 B e AL I M, BRI B2 Oy
450°CHI1650°CHT 73 7 $2 55 1.54% F4.64%, i X Fif



FBERFAF

VLR R B ) 4 TiO, et ) R H A R 52

AZK RS R AR il 15 14 R AR ZE 4 mT R HO G AL TG
PEfe v 1 EE A

3 #ig

ASCUIK A R, R T e ek, il 4%
T HTC-TiO, YL . HTC-TiO, B A K #4% F Ik
SERERAE, X TiO 48 K UL Y A K HLA — 22 A 3 il
1EF; TiO MUK 7E HTC 3R I 4 WU i, (A5 FL Lt 3%
T ARG 0, DA B v O AR T PR . [RIEE, K R
B4 R JIN BE A% 4IE 28 TiO i 78 7 A4 B I5F £ S A A0 75 1
32 v 0 B0 AR A TR [ S e 0 P AR 1Y 4 21 A TR A
A A AR B IR MR . Y B b
450°CHT, DhAK # e Ay 54 il £ 1 HTC-TiO % HH 5
T 1) R i 2 AE 550 WHILES KT S B2/ INE 5 15 51140.6%,
TCHEALBOR L IO il (16.2%) 48 = 1565 . R,
PLAK $A5 AR, fE 0% Itk b 2 2 TiO, A Y i AL 16
P, 3XCA K AR 7 it A A A R LSRR 1Y 10 P 4 it
TR RIS B, RS AR K AR A Ak 2 K L
PRACA B E T — 2 MBS LA

2% 3Tk

[1] BTz, EWH, S, o E 2R R
B KA. RHVETFST, 2010, 32(3): 1-7

(2] 4F3CHR. F2BEARAE YRS AT 20808 o3 A RE IR A ¥ 1
[D]. dbxt: PR, 2015

[3] XUFfh. FERIMEDFEATH IR LK. RS
HAR, 2009, 29(1): 7-9

[4] Wik, ¥riE. EAMSHFRASRME %S PEE
R EERE. AR, 2015(5): 129-132

[5] mide, A, EH, & EWRAKRERTFRIR
B R . I FEAERRIR, 2011, 29(4): 77-83

[6] Islam M A, Kabir G, Asif M, et al. Combustion kine-
tics of hydrochar produced from hydrothermal carbo-
nisation of Karanj (Pongamia pinnata) fruit hulls via
thermogravimetric analysis. Bioresource Technology,
2015, 194: 14-20

[71 Kambo H S, Dutta A. Comparative evaluation of to-
rrefaction and hydrothermal carbonization of lignoce-
llulosic biomass for the production of solid biofuel.
Energy Conversion & Management, 2015, 105: 746—
755

[8] Minaret J, Dutta A. Comparison of liquid and vapor
hydrothermal carbonization of corn husk for the use

as a solid fuel. Bioresource Technology, 2016, 200:

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

804-811

Lin Y, Ma X, Peng X, et al. Effect of hydrothermal
carbonization temperature on combustion behavior of
hydrochar fuel from paper sludge. Applied Thermal
Engineering, 2015, 91: 574-582

Smith A M, Singh S, Ross A B. Fate of inorganic
material during hydrothermal carbonisation of bio-
mass: influence of feedstock on combustion behaviour
of hydrochar. Fuel, 2016, 169: 135-145

Elaigwu S E, Greenway G M. Microwave-assisted and
conventional hydrothermal carbonization of lignocel-
lulosic waste material: comparison of the chemical
and structural properties of the hydrochars. Journal
of Analytical & Applied Pyrolysis, 2016, 118: 1-8
Pala M, Kantarli I C, Buyukisik H B, et al. Hydro-
thermal carbonization and torrefaction of grape po-
mace: a comparative evaluation. Bioresource Techno-
logy, 2014, 161(3): 255-262

Wiedner K, Rumpel C, Steiner C, et al. Chemical
evaluation of chars produced by thermochemical con-
version (gasification, pyrolysis and hydrothermal car-
bonization) of agro-industrial biomass on a commer-
cial scale. Biomass & Bioenergy, 2013, 59(9): 264—
278

Jain A, Balasubramanian R, Srinivasan M P. Hydro-
thermal conversion of biomass waste to activated car-
bon with high porosity: a review. Chemical Enginee-
ring Journal, 2016, 283: 789-805

Islam M A, Benhouria A, Asif M, et al. Methylene
blue adsorption on factory-rejected tea activated car-
bon prepared by conjunction of hydrothermal carbo-
nization and sodium hydroxide activation processes.
Journal of the Taiwan Institute of Chemical Engineers,
2015, 52: 57-64

Nizamuddin S, Mubarak N M, Tiripathi M, et al.
Chemical, dielectric and structural characterization of
optimized hydrochar produced from hydrothermal
carbonization of palm shell. Fuel, 2016, 163: 88-97
Yin H, Lu B, Xu Y, et al. Harvesting capacitive
carbon by carbonization of waste biomass in molten
salts. Environmental Science & Technology, 2014,
48(14): 8101-8108

Paramasivam I, Jha H, Liu N, et al. A review of
photocatalysis using self-organized TiO, nanotubes
and other ordered oxide nanostructures. Small, 2012,
8(20): 3073-3103

1337



LR (A SR B2 R

Fs54k Aol

2018 4 11 A

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

1338

kA, M, FHIE. TiOo/P3HT 4K E Ak kL
TR A FER RS (0 3 07 22 98 N LR 224k, 2014,
43(8): 2149-2153

BRI, BN, RORAN, . RIS TR I
AR TURR S T Bk N K 55 4 K G A A B 1 BT
7%, NTaik2:4, 2014, 43(9): 2171-2177

Wang J, Yu J, Liu Z, et al. A simple new way to
prepare anatase TiO, hydrosol with high photocata-
lytic activity. Semiconductor Science & Technology,
2005, 20(8): L36-L39

Guesh K, Mayoral A, Mérquez-Alvarez C, et al.
Enhanced photocatalytic activity of TiO,, supported
on zeolites tested in real wastewaters from the textile
industry of Ethiopia. Microporous & Mesoporous
Materials, 2016, 225: 88-97

Li C, Lu H, Lin Y, et al. Self-sacrificial templating
synthesis of self-assembly 3D layered double hydro-
xide nanosheets using nano-SiO, under facile con-
ditions. RSC Advances, 2016, 6(99): 97237-97240
Zhao J, Li Y, Zhu Y, et al. Enhanced CO,, photore-
duction activity of black TiO,—coated Cu nanoparti-
cles under visible light irradiation: role of metallic
Cu. Applied Catalysis A: General, 2016, 510: 34-41
Epifani M, Comini E, Diaz R, et al. Acetone sensors
based on TiO,, nanocrystals modified with tungsten
oxide species. Journal of Alloys & Compounds, 2016,
665: 345-351

RTE, R, ke, S OREA LG TE M
X ALK O B TP AR . PR R AR AR,
2017, 11(4): 2127-2131

Chung C Y, Lu C H. Reverse-microemulsion prepara-
tion of visible-light-driven nano-sized BiVO,. Journal
of Alloys & Compounds, 2010, 502(1): L1-L5

Xi Z, Ai Z, Jia F, et al. Selective synthesis and
visible-light photocatalytic activities of BiVO,, with
different crystalline phases. Materials Chemistry &
Physics, 2007, 103(1): 162-167

Chen L, Meng D, Wu X, et al. Shape-controlled
synthesis of novel self-assembled BiVOy, hierarchical
structures with enhanced visible light photocatalytic
performances. Materials Letters, 2016, 176: 143—-146
Henriquez A, Mansilla H D, Freer J, et al. Selective
oxofunctionalization of cyclohexane over titanium
dioxide-based and bismuth oxyhalide (BiOX, X = Cl ,

(31]

[32]

(33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

Br, I') photocatalysts by visible light irradiation.
Applied Catalysis B: Environmental, 2017, 206: 252—
262

Cheng H, Huang B, Dai Y. Engineering BiOX (X= Cl,
Br, I) nanostructures for highly efficient photocata-
lytic applications. Nanoscale, 2014, 6(4): 2009-2026
Chang Xiaofeng, Huang Jun, Cheng Cheng, et al.
BiOX (X =Cl, Br, I) photocatalysts prepared using
NaBiOs3, as the Bi source: Characterization and cata-
lytic performance. Catalysis Communications, 2010, 11
(5): 460-464

Nakata K, Fujishima A. TiO,, photocatalysis: design
and applications. Journal of Photochemistry & Photo-
biology C: Photochemistry Reviews, 2012, 13(3):
169-189

Liu B, Nakata K, Sakai M, et al. Mesoporous TiO,
core-shell spheres composed of nanocrystals with
exposed high-energy facets: facile synthesis and
formation mechanism. Langmuir the ACS Journal of
Surfaces & Colloids, 2011, 27(13): 8500-8508
Bard, Wik, XNFEM, % ARIBRMKZnOM S
AR H A P RE B 5T . DU REAS AL, 2010, 41(2):
292-295

Katsumata K, Okazaki S, Cordonier C E, et al.
Preparation and characterization of self-cleaning glass
for vehicle with niobia nanosheets. ACS Appl Mater
Interfaces, 2010, 2(4): 1236-1241

Wang M, Liu Q, Jiang C Z. Characterization and
photocatalytic activity of FeVO4 photocatalysts
synthesized via a surfactant-assisted sol-gel method.
Advanced Materials Research, 2011, 197/198: 926—
930

Liu H, He Y, Liang X. Magnetic photocatalysts
containing TiO, nanocrystals: morphology effect on
photocatalytic activity. Journal of Materials Research,
2014, 29(1): 98-106

Zhang C, Zhang H, Zhang K, et al. Photocatalytic
activity of ZnWOy4: band structure, morphology and
surface modification. ACS Appl Mater Interfaces,
2014, 6(16): 14423-14432

Tang Y, Wee P, Lai Y, et al. Hierarchical TiO,
nanoflakes and nanoparticles hybrid structure for
improved photocatalytic activity. Journal of Physical

Chemistry C, 2015, 116(4): 2772-2780



