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Composite template synthesis of mesoporous titania and
its template removal
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Abstract: Using composite surfactant template (CTAB/P-123) as structure directing agent, the precursor of mesoporous
titania with anatase phase was prepared via supra-molecular self-assembly route from industrial TiOSO, solution under
thermal hydrolysis condition. The influence of different template removal methods on the mesoporous structure was
investigated, such as ozone oxidation, organic extraction, calcination and their combination. The obtained mesoporous
titania was characterized by chemical analysis, X-ray diffractometry, Fourier transform infrared, thermal gravity analysis,
scanning electron microscopy and Brunauer-Emmett-Teller analysis technology. The results show that the as-synthesized
mesoporous precursor has anatase phase under hydrothermal treatment. After combining template removal treatment, i.e.
ozone oxidation to decompose the templates first, step-by-step extraction second, and multi-step calcination last, TiO,
content of the mesoporous product is 92.1% (mass fraction), with specific surface area of 133 m%/g and average aperture
of 4.65 nm.
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1.1 [®#Y

EO»PO70EO(P-123), /N b 5k = Ik R Ak 5
(CTAB), —ZE(TEA), IE/RBE, JAKLEE, F
B, MER IR A4 0 23 A 2] « TIOSO, A T J5URE,
Y BN AR A 7], LR R TiO, By 230
o/L, MREKLLN 19O LL), ikt 0.19, AN
1.66 g/mL.

1.2 S FiFarRa§l & 5 R K

1) ArERAARHI#%: I 200 mL Mk TiOSO, % H H
POINFE 100 °C, HiHE 15 min. BUE R CTAB. P-123
FIEERR BNV T 400 mL /K, JRORHEEREE Ky x(Ti):
x(CTAB):x(P-123):x(Si)=1:0.2:0.02:0.02; &I TEA
10 mL, 1EJ&EE 10 mL In A, SRS, Bk
AR, JEHE T 70 CrtEERms ke
10 min. X 100 mL &S HGERAE T 70 CHE
A ) =30, FEIA 20 mL gTA R,
TPk, 0 11 KR 5 pH B L B 2 LK,
FEAE A ARG BN AR T AR S A R R
{8 N ARIRLIR VB0 S Hh s LA 3 3R /s PR AN = S0
REWAE 70 C RN 4 h 5, FHEAKFBEHT

110 C/AKMGRAL 12 he HUH S 4) B AR H 5 T
PEHIGE, JKYE. BEUEE T 80 CHET 3 h £3 2 pr ok 44
PT.

2) ST TOE ST IR ARIE [F] AR A 3R
—EIBAT R T, wE, RAEEN 120 240 36 M
48 h J&, HKIKAFEIFESL PTOL. PTO2. PTO3 1 PTO4.

3) AHUBAE: BT A UAREE & PTO3 HEAT 2
PAEMBASE, AU F A3 e T IR 5 mL Wk
R 25 mL /K SEEAERIR)(c(H')=2 mol/L), T
80 “CE I MV LI BEFEAEIUBAE 6 h, FEHs T
W, UKYE, WEVE, TAANMEAE T 80 T 3 he AU
L1 IRN2 K3 ORI 4 UK, 43 A3 208 PTELL PTE2.
PTE3 1 PTE4.

4) JBpe A RSB IS A i PTE4 & 11 9
frob, THEHEER KN 10 'C/min, 125 CHHE 1h, 300 C
BB 1h, 450 CHEE2h, BEIAGAIL T Bk,
RIZ5E5 AL S PTC

1.3 MiXFRAE

BSOS B 1 X RT3 20 B 4E PHILIPS 24
] XPertpro MPD X HTZATHAX EHEAT, KH Cu K,
Sk, BN 40 KV, FHAY 40 mA, IRA I
JaH(20) 0 1°~10°, FH#IPK N 0.01° [ fMAHTEH
(20)K 20°~70°, FAHEL KN 0.02°, £ IRLLAMRIOE
WE(FT-IR)MIRAEFEE Nicolet—560 A N7 IH- 45441 4k
et A BT, SR KBr [, MR %k 400~4 000
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A TS HTRE S ) IR A s ] JSM—=5900LV 414
HL 1 S OB L5 7 40 1) SR R 3 SOk 1 RS RNy
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Fig.1 Low-angle XRD pattern for samples(a) and wide-angle
XRD pattern for PT(b)
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Table 1  Analysis results of XRD and specific surface area for

samples
26/ dl Laon/ Sget/
Sample 2
© nm nm (m™g )
PT 1.62 543 13.16 279
PTO3 1.74 5.08 12.42 229
PTE3 1.92 4.61 10.12 170

PTC 1.93 4.58 18.64 133
XRD 731 M LE R TR Sper V545 2 0, W gk 44 4 Bi
B TiO, oL 10, LR IEALN 279 m¥/g.
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Fig.2 Low-angle XRD patterns for samples with ozone

oxidation treatment
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Fig.3 FT-IR spectra for samples
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2.3 ZEBEUARAR

I3 AT AR i RSV ER T Bl e S IR (2
LRIV 2 T AV ARAE 73 B A 50 R ) T T IR
AN TiO, BRI ZH Bk v S i & o THE o T &5
R 2 From.

w2 FEAR R E BL(LL TIO, vh) M i
Table 2 Content of total titanium in samples measured by

TiO, and content of template removal

Time of Content of
Sample extraction/h w(Ti0,)/% templates
removal/%
PTO3 0 70.00 0
PTE1 6 82.15 41.0
PTE2 12 83.65 45.8
PTE3 18 84.95 50.5
PTE4 24 86.00 52.5

B 2 B TR) (1 3 K (4 6 h 3B AR L) 724
ARSI, RWIERYE LR IGR REAT R BB
IR A FRIASEAR R o 57— IR A E R K S I BB AR (24
41.0%), Ji SEASIUB R ) B Wisb . IXOERh
B U BUAML REMEBR AL AP (1 B /AR 77, i HL
W REDEE B A UM RL R TR B 2 0, 1 5 25
—REERCH VM SEI IS I o BT BRI oy
TR S AR R/, X5 RT3 A AR
BRIGA AR, MO S SR AR U I k> o

— AR PTEL (LA G 3 R,
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Fig.4 Thermal gravity analysis for samples
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Fig.5 SEM image of sample PTC

FERD PTC RS0 TUBB—d B 25l e &5 fLAR 20 Al
Wil 6 Frzms. 18 6(a)F7m (K0T I —IB Bt S
2k 5 BT A FLEE RISV Langmuir W B B3
WAL, R SA 0.3~0.8 B ETFEEPR, HIR
BB EEERIZ SRR HE e(b)rT I, F
i ALAR I A, dr] JLALARAE 3.6 nm oAy . JEIS %
AU B B A M 2R T4 Sper=133 m¥g, ALE
Vp=0.23 em’/g, “THL4% Dg=4.65 nm. 55 A& BEBHT
AR PT AL, HERIMAU N EREOR, TR BEE A
BRIIIZE L ik, FLIE S5 R R BAARGRI S04, e
PRl R b LA A P fice o 3 S LR AR A
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Fig.6 N, absorption—desorption isotherms (a) and pore
diameter distribution(b) for PTC

1) UABRIREEER R A= T2 7 i Tk TiOSO, i)
AERYR, CTAB f1 P-123 A EAHMNGH, #@idi#E S+
W5 5 1 A 2 K BB B 2 T o) 4 H B Ak T A AL

TiO, 7311 o

2) SRR S RN oy WL BRASAR ), 8N S
LEIAERA T

3) RJHHWSE Ky 2 mol/L () Eh e A TE K 2.l AE 2
WO, A RAEMURBROR R AIf, 224 h 20U, Btk
TR ZIE 52.5%

4) KH RS, MR, R0 P Eke(125 C
BB 1 h, 300 CHEEEE 1 h, 450 CHBBE 2 h)K L& i
LI AR A, 8 AL S BRI EE 2 ok
0.1 um, TiO, &k 92.1%, LRI A 133 m%/g,
FL2 N 0.23 em’/g, THIFLIEN 4.65 nm.
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