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Preparation of Mesoporous TiO, Spheres via Sol-Gel Assisted Hydrothermal
Method Using Double Templates
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Abstract: Mesoporous TiO, (MS-TiO,) spheres were prepared by a sol-gel assisted hydrothermal method using double-surfactant (PEG and
F127) as templates. Scanning electron microscopy, transmission electron microscopy, X-ray diffraction, thermal gravimetry, and N, adsorp-
tion-desorption were used for catalyst structural characterization. Phenol was used as a model compound for photocatalytic activity test. The
results showed that MS-TiO, spheres with uniform diameter of 200-300 nm, which was composed by 15-20 nm of TiO, crystals, can be
obtained. Maximum specific surface area as high as 106.9 m%/g, together with pore diameter of 6.5-12.6 nm and pore volume of 0.21 cm’/g,
can be achieved under the optimum conditions. With increasing calcination temperature, specific surface area and pore volume of MS-TiO»
decreased, and pore diameter enlarged. Double templates can form a more stable spherical micelle, inhibit the growth and particle aggrega-
tion of TiO, precursor and promote its self-assembly into spherical structure. MS-TiO; prepared at 500 °C exhibited the highest activity with
the phenol degradation of 86.4%, which is about 1.3 times that of TiO, without templates.
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Fig. 1. SEM images of MS-TiO, prepared with different template mass ratios at 500 °C; (a) Rp = 2.5, R = 0; (b) Rp = 0, Ry = 0.21; (c) Rp = 0.63, R
=0.21; (d) Rp=1.1, R = 0.21; (e) Rp = 2.5, Ry = 0.21; (f) Rp = 2.5, Ry = 0.42; (g) Rp = 2.5, Rr = 0.63. MS—mesoporous; Rp—PEG/TBT mass ratio;
R—F127/TBT mass ratio; PEG—polyethylene glycol; F127—pluronic F-127; TBT—tetrabutyl titanate.
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Fig. 2. TEM images of MS-Ti0O,-500 prepared with Rp = 2.5 and Rr = 0.21.The number after MS-TiO, means that the sample was calcined at the

temperature (°C).
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Fig. 3. N, adsorption-desorption isotherms (a) and corresponding
pore size distribution (b) of MS-TiO, samples calcined at different

temperatures.
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Table 1 Specific surface area and pore structure parameters of
MS-TiO, samples.

Aggr/ Mesopore  Average pore
Sample Ry Rp 5 3 .

(m°/g) volume (cm’/g) diameter (nm)
MS-TiO,-400 2.5 021 107.8 0.19 6.5
MS-TiO,-500 2.5 021 1069 0.21 7.1
MS-TiO,-600 2.5 0.21 39.3 0.12 11.1
MS-TiO,-700 2.5 0.21 16.8 0.06 12.6
MS-TiO,-500 1.1 0.21 67.9 0.16 9.3
MS-TiO,-500 0.6 0.21 39.2 0.13 11.8
MS-TiO,-500 2.5 0.42 79.3 0.25 10.4
MS-TiO,-500 2.5 0.63 77.7 0.19 9.1
MS-TiO,-500 2.5 0 78.6 0.19 9.3
MS-TiO,-500 0 0.21 56.2 0.20 18.3
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Fig. 4. XRD patterns of TiO, (a) and MS-TiO, (b) samples calcined
at different temperatures.
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Table 2 Crystallite size of TiO, and MS-TiO, samples calcined at
different temperatures

Calcination Crystallite size (d/nm)
temperature (°C) TiO, MS-TiO,
400 13.8 11.0
500 18.8 134
600 31.5 19.5
700 — 23.8

24 TG/IDTG 4R

5 & MS-Ti0,-500 £ [¥] TG/DTG #iZk. nf
PLA Y, MS-TiO, 7£ 200 °C LL R K ELA N 2.49%, T+
FOEMEM TP SRR Ay (K Ll BEIR A
BT 4E 200~500 °C ', K EL N 5.50%, T H
S BH T ORUCRAR ) 1R 388 20 43 il , A ot o ke B3 1) T 58 B
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Fig.5. TG-DTA curves of MS-TiO, sample.
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Fig. 6. Phenol degradation over TiO, and MS-TiO, samples calcined
at different temperatures after 3 h under UV irradiation.

AN TN AR s BT 461 - TiO, A S AE 500 °C % B i
AWy B fif A e = (66%).
2.6 MS-TiO, B B #1328

Kl 7 4 MS-TiO, M JE e ML BE K. >4 TBT i 3
F127 Al PEG 2H 1% (1) Je AR v s, fE i e T,
R 7] KB 08 0 i T, R o K - i K R T (]
7(a)). EKIRVU T ERAEES AR & TG /EH M 18
KA b K2R A ) 4K BT 3K 4 Ti(OBu),(CH,COO0)',
TE J T A7 BRI SR A 1 2% L HE 71, SURE A K e B 11 i
A AL R TE T AR 1R 5% /K -5 7K F T, AR I O A4 £
BP0 43 0 R K S i B A o, SRR AR A
G TE B K EEAE A, KA N IR RO i, K%
1) F127 B SR A I A, 11 45 8% ¥ PEG JE Ji (1)
JREHC AL 78 T~ F127 JBH A8, RUREAR 1R 165 4 HT B

Ti(OBu),(CH,CO0)"
TBT & =g
+ %Oﬁ (] Tﬁg %
PEG + F127 Micellzation | o™ ° gr; Stir and
in solution o ® | Hydrothermal Calcination
MW (ﬁ“‘vg %‘gff? g % — .
HAc % ﬁ °
Wy, o
(@ () © @

B 7 WRRFIER TERENTL TiO, BIF IR

Fig. 7. Proposed formation mechanism of spherical mesoporous TiO, prepared using double templates.
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