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44.3 nm. 47.2 nm. 49.4 nm 1 47.4 nm, EPRESEURL . HE 2 ATEH, X ng/ne N 0.50 B, TiO, FERA
RIS, PN . X BRSNS S R4, B 1~3 pm, W 2()M@)FT7R: 24 no/ng
FRIVIRFEMC, WREESAF RSB KK, X 045 I, TiO, MERCNERLH, HEAELN 1~3 um,
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No WAk, M 2 HHRTE B, R I AEAE B R
22 PFEBTFEMSHN ARG o XS 1T TiO, 9K R T BAT 5 s i 3R T

2 IR NN ny/ng ELE R BTl 4 FE 500 SEM HBRE, RS RN,

e

B2 A ny/ng AR T FTHIE ) TIO, Bk SEM 4

Fig. 2 SEM images of TiO, microspheres prepared with different ny/ng: (a), (a’) 0.50HF-TiO,; (b), (b') 0.45HF-TiO,;
(c), (c") 0.40HF-TiO»; (d), (d") 0.35HF-TiO,
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Fig.3 TEM image (a) and HRTEM image (b) of TiO, microspheres, and corresponding FFT pattern (c) of TiO, microspheres
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T TiO, BRI, 110 F JGER 70 A5 T LG AR
KU F CR & EBUC: K 4T E H, Fab
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FIE g R AEIE R, 33 33k — 25 B A 1l 4 (1) TiO, Sk A8t
Ry aR . MK 5 il E i, BEERRT np/ng L
{ELIFIUk/IN, B b Raman Y6 (19U 55 32 IR HH S48 558 /s ek
SRS . X R UIRE S 04 R e R ks, X
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BE TiO, Bk & A vt

A5t By
E
B e
Eyqy e |
e 0.35HF-TiO,
! |
| | |
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| | |
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| |
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Raman shift/cm™
5 ANIA npy/ng EAE R BT & TiO, fBR Y Raman %
Fig. 5 Raman spectra of TiO, microspheres prepared with

different ny/ng
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Bl 6 Frs AAIE nyy/ng LUAE T BTl 25 141 TiO, fER
(1R G0 B B P A5 B 2, HR N A AR B R F LA 23 AT
Bl AL 6 HrrgE S, A b iR bt b 4 I it 2R AE
REX, MZRRRECrg, SRR RN, fEd

60
0.16
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D S0 g7, 012 —— 0.40HF-TiO,
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5 a0r 22 O
= EZ 004 LR S
2 30} ©7 S~
O
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Q
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0 L
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Relative pressure, p/p,
6 A nyy/ng LA R T2 1 TiO, TR 14 2800t B
K
Fig. 6 N, adsorption—desorption test results of TiO,

microspheres prepared with different n;/ng

JEIX A R H2 BURHEH . X 3] TiO, Tk i) 25
J2 FH YKL T HE AR F 1 1] B AL

% 1 FrAAAE nr/ne UAE TS B8 10 TiO, Sk
1 SR BE IR S5 SR - R 1 AT, 0.35HF-TiO,s
0.50HF-TiO,. 0.45HF-TiO,. 0.40HF-TiO, XJ N/ f] Lt %
TR 51N 26.77 m*/g.21.86 m*/g+21.05 m?/g F1 18.95
m/g. BEER R npy/ng EOAE RIS, B 5 E 2R T AR
AWK, FLEDAIITE 2~36 nm, JEAFLIEH. 4
nr/ng 4 0.50+ 0.45. 0.40 B}, P FLAFIA/E 12.90 nm
Fe A s AH 2 nyy/ne 9 0.35 I, 3 FLAR /N 2 12.05 nm.
WRF np/ne AR RIS FBORE & LE R TR, F
BIFLARI N, TIO, TR M 23 45 1 3 A8y SR s S5 M) B
JE A SO

&1 AFE ny/ng U H BTl & 59 TiO, Tk k) 20RO B
A RE
Table 1 N, adsorption-desorption test results of TiO,

microspheres prepared with different ny/ng

ifi
Specific Pore size Average pore
Sample surface . .
5 -y, distribution/nm  size/nm
area/(m™g )

0.50HF-TiO, 26.77 2-36 12.90
0.45HF-TiO, 21.86 2-36 12.86
0.40HF-TiO, 21.05 2-36 12.91
0.35HF-TiO, 18.95 2-36 12.05
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N T 5 EEAN[E noy/ng LUABL T TiO, M40 75 12 (R 52,
FEZRAMCHRE NI 7R SO HEAL PR MB FITERE,
SERWE 7 R, o RERWOLEE, oo NIRRT
JeEE. IWE 7 FRIEH, B A R SRR B 1
I, B ngdng 9320, TiO, SR R e 2 IR HH 58
PemE RIS . SRR nn/ne N 0.40 B, FES
(A 5 PR B 7, FLAEDB B 25 min PIXT MB &R
FfiA 22 W]k 99.9%. Kl 8 F7n A 0.40HF-TIO, [t AL
TEFAIAR . H11E 8 AT, 0.40HF-TiO, H A& # it &
PE, TEPEM 4 KJa, A ERIAELH] 82.9%.
0.40HF-TiO, st Ak AR S PEIR R T LAN 7 T : 1
e RER B S MBI PRI R B A HUGE Tio,

L0 Ist cycle 2nd cycleé 3rd cycleé 4th cycle
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Time/min

7 FEE xHF-TIO, S HEAL B MB W& P K 50 )7

Fig. 7 Activities of photo-degradation of MB and degradation

kinetics over xHF-TiO, under simulated sunlight irradiation
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Fig. 8 Photocatalytic cycle diagram of 0.40HF-TiO,
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Fig. 9 Schematic diagram of formation mechanism of hollow mesoporous TiO, microspheres
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CO(NH2)2+3H20—>2NH3 'H20+C02T (1 )

7R R UK R R SR R AL TR A A A THO, 9K
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Mesoporous titania microsphere self-assembled by
nano-slices with preferential crystallographic orientation and
its formation mechanism

CHEN Rui', LIU Jing-yi', CHEN Cheng', HU Hai-feng', CHEN Li-hui"?, GAO Jing"?, LI Guo-hua'-?

(1. School of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China;
2. State Key Breeding Base of Green Chemistry Synthesis Technology, Hangzhou 310014, China)

Abstract: Mesoporous TiO, microspheres self-assembled by TiO, nano-slices were fabricated by a hydrothermal
approach, using TiOSO, as precursor, HF and urea as initiating agent. The crystal phases, morphologies, microstructures,
and chemical components of the microspheres were characterized by XRD, SEM, TEM, and BET. Furthermore, the
photo-catalytic property of the microspheres was investigated using methylene blue solution as simulated sewage. The
results show that the morphology of the sample particles is microsphere with a diameter 1-3 um, the wall of the
microsphere is constituted of anatase (A-TiO,) nano-crystallites and cavities. The crystal planes of the A-TiO,
nano-crystallite show preferential crystallographic orientation, most of them are belong to (001) plane. The average value
is 12.90 nm, which can be attributed to mesoporosity. During the fabricating process, the suitable dosage of HF improves
the crystallinity of A-TiO, nano-crystallite, induces the formation of (001) crystal plane of A-TiO, nano-crystallite, and
preserves the (001) planes stably. When the mole ratio of Ti to F is 0.40, the microstructure of A-TiO, microsphere
displays egg yolk structure, its specific surface area reaches 21.05 m%g, its photocatalytic rate to MB reaches 99.9%, and
exhibits the best photocatalytic property.

Key words: titanium dioxide; (001) crystal plan; hollow microspheres; photocatalysis
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