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Synthesis and Performance of Sulfated M esoporous

Zorcina Solid Superacid
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Abstract: As the activity of different acids for the condensation between toluene and formaldehyde de-
pended on the proporation of its strong acid site, mesoporous zirconia supported sulfate acid was syn-
thesized via the selfassembly method and characterized via XRD, Nzadsorption and HRT EM. The
thermal stability of the prepared mesoporous zirconia supported sulfate acids were checked at different
calcination temperature. It was found that the structure of mesoporous zirconia remained under
600C, but damaged at higher temperature NH3T PD found that the catalyst calcined at 500°C has
the highest acid amount and this catalyst showed the highest activity in the condensation between tolu
ene and formaldehyde. The conversion of formaldehyde reached 45 7%.

Key words: sulfated mesostructure zirconia; solid superacid; condensation reaction
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S d different calcinated temperature
Y
£
§ p T em perature SBET Pore diameter Pore volume
§ // /C /(m2e g 1) /nm /(mLe* g 1)
g 350 165.3 3.7 0.15
S
> 1 1 1 1 1 1 1 1 1
0 010203 04050607 08 09 400 155.8 37 0-15
P/P, 500 141.0 3.8 0.14
(2) 400°C, (b) 500C, (&) 600C, (d) 700°C and (e) 800°C 600 124.2 394.3 0-13
700 53.9 3.96.2 0.09
3 800 40.5 10.0 0.08
Fig 3 Nj adsorptior desorption isotherms of SO3- /
mese-Zr0, with different calcinated temperature
23 SOi" / mese ZrO:  XRD
meso/ Zr0O: XRD ( 4) ’
SO% / meso-Zr0» 400°C
(3 700°C XRD ;
v ; 500°C
o
Hi 400C 500°TC ? ?
° . : 700°C
;600C
’ ’ ___/\__/;’\__L
; 700°C b
P/ Po , , - .
£
’ = d
; 800C
€
’ f
’ ’ 10 20 30 40 50 60 70 80
20/ (°)
2—-
S04 /mese-Zr0O2 (a) meso-ZrOz, (b) 400C, (c) 500C,
1 5 (d) 600°C, (e) 700C, (f) 800C
P 4 XRD
SO%’ / meso-Z102 500°C Fig 4 XRD spectra of SOF /meso-Zr O, with

B

141. Omz/ g 0. 1401113/ g different calcinated temperature



226 /2008 10

[91

; 800°C 24 SOi™ / mese-ZrO:
, HRTEM( 5)
(Scherrer) sl , 600C
, ;700C ,
, 700C 6nm ;
, 700C , 800°C,
Tnm 16nm 20nm

S nm ¥ Snm

5 (a)600C; (b)700C; (c)800°C
Fig 5 HRTEM images of SO~ /mese- ZrO; with different calcinated tem perature
(a)600°C; (b)700°C; (c)800C
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Table2 Conversion and selectivity of DMDPM s from toluene and HCHO over SOF / mese-Zr0,

caldnated in different temperature

Cal cination Conversion Selectivity (on the basis of HCH0)/ %"
tem perature/ C /(of HCHO %) (1-a+ 1- b) 2- a 2- b 2- ¢ 3-x
400 9.2 3.2 1.6 14.6 80.6 0
500 45.7 4.8 1.8 18.5 69.2 57
600 29.5 7.8 1.8 20. 1 67.1 3.2
700 12.8 5.1 0.6 24.3 70.0 0
800 0 - - - - -

Reaction conditions: catalyst 2 g; toluene 450 mmol; HCH O 30 mmol; reaction time 4 h and 140°C
«Selectivity of DM DPMs = (molof DMDPM s )/ (total mol of DMDPMs + 2 mol of 3 rings products) 100%

3 45 7%, ,800C
400C

;:500C
500C , , (o.y
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Fig. 6 Schematic illustration of the structure of SO% /

mese-Zr0; with different calcinated temperature

VAUDRY F, KHODABANDEH S, DAVIS M E. Synthesis of
pure alumina mesoporous materials| J].
1996, 8: 1451- 1464.

CIESLA U, DEMUTH D, LEON R, et al. Surfactant controlled

Chem istry Materials,

preparation of mesostructured transitiormetal oxide compounds
[J]. Journal of the Chemical Society, Chemical Communications,
1994, 11:1387- 1388.

CREPALDI E L, SOLER-ILLIA G J DE A A, GROSSO A D, et
al. Controlled formation of highly organized mesoporous titania
thin films: from mesostructured hybrids to mesoporous nane-
anatase Ti0,[J]. Journal of American Chemical Society, 2003,
125: 9770- 9786.

ANTONELLI DM, YING JY. Synthesis and characterization of
hexagonally packed mesoporous tantalum oxide molecular sieves
[J]. Chemistry Materials, 1996, 8: 874- 881.

YADA M, KITAMURA H, ICHINOSE A, et al. M esoporous
magnetic materials based on rare earth oxides[ J]. Angewandte

Chemie International Edition, 1999, 38: 3506~ 3510.

[ 6]

[7]

[8]

[ 9]

[10]

[11]

PARVULESCU V I, BONNEMANN H. Preparation and charae-
terisation of mesoporous zirconium oxide[ J]. Applied Catalysis
A: General, 2001, 214:273- 287.
SORAPONG P, YOOSHIKAZU S. Preparation and characteriza-
tion of mesoporous MO,(M= Ti, Ce, Zr, and Hf) nanopowders by
a modified sokgel method[ J]. Ceramics, 2005, 31: 959- 963.
KLUG H L, ALEXANDER L. E. XRay Diffraction Procedures
[M]. New York: Wiley, 1974.
HUANG Y Y, MCCARTHY T J, SACHTLER W M H. Prepa
ration and catalytic testing of mesoporous sulfated zir conium diox
ide with partially tetragonal wall structure] J]. Applied Catalysis
A: General, 1996, 148: 135- 154.
YAMAGUCHI T, TANABE K, YAO C K. Preparation and
characterization of ZrO, and SO3~ promoted ZrO,[ J]. Materials
Chemistry and Physics, 1986, 16: 67— 77.
. 7Zr0,/S0%

’ »

[J]. , 1992, 13(12): 1498- 1502.
(20433030, 906100002)
:2008-06-25; 12008 0817
(1980—), > , >
(310018) Email:
dfjin@ zju. edu. cn
[

(3% 222 M)

[ 5]

[ 6]

[7]

[ 8]

[9]

[ 10]

WANG C W, WANG Z, LIM K, et al. Wel aligned polyaniline
nane-fibril array membrane and its field emission property[ J].
Chem Phys Lett, 2001, 341(5- 6): 431- 434.
CHO J, WU J, MIN J, et al. Control of magnetic anisotropy of
Co nanowires[J]. ] Magn Magn Mater, 2006, 303(2): e281-
€285.
GALCA A C, KOOIJE S. Structural and optical characterization
of porous anodic aluminum oxide [ J]. J Phys D Appl Phys, 2003,
94: 4296- 4305.

HAO S, WEI'Y. Gas penetration of Sm into BaT i03 ceramics and
their electric characteristics [ J]. J Harbin Inst Technol, 2003, 10
(3): 388- 391.
PARKHUTIK VP, SHERSHULSKY VI. Theoretical modelling
of porous oxide growth on aluminium [J]. J Phys D Appl Phys,
1992, 25(8): 1258- 1263.

JESSENSKY O. Selforganized formation of hexagonal pore ar-
rays in anodic alumina [J]. Appl Phys Lett, 1998, 72:1173-
1178.

(200650041 16-35)
: 2008-06-20; : 2008 08 15
(1976—), , ,
693

E-mail: xuehua_w ang027@ yahoo. com. ¢n

(430073)




