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Scheme 1 Preparation of benzylaldehyde by styrene oxidation
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Table 1 Synthesis conditions and the phase compositions and relative crystalhmty of corresponding products
Sl U :Fof %igljo‘* R Time Product Crytallinity mzld;g Z} f:r Sed/ V)
R N C R CURT S
S1 62:1.1:1:05:0.3* 180 60 AFT+cristobalite 47.3 2.8 1.1 207 0.19
2 62:1.1:1:05:03" 180 60  AFl+cristobalite  11.8 43 1.2 94 0.29
S3 62:1.1:1:0.5:0.3° 180 60 AFI 86.0
$4  62:1.1:1:0.5:03 180 60 AFI 82.4 10.6 1.6 128 0.24
S5 62:1.1:1:0.5:0.3 180 60 AF1 75.0 1.1 1.1 273 0.19
S6 62:1.1:1:0.5:03 180 60  AFI+AI(OH);+  39.8 4.8 1.0 101 0.12
cristobalite

S7 62:15:1:05:03 180 60 AF1 49.3
S8 62:22:1:05:03 180 60 AF1 48.7
S9 62:33:1:05:03 180 60 cristobalite 20.9
S10 62:1.1:1:0.5:03 180 20 AFI+AST 36.6
S11 62:1.1:1:05:03 180 40 AFI 27.0
S12 62:1.1:1:0.5:03 160 60 AF1 71.7
S13 62:1.1:1:05:03 190 60 AFI 100
s14/ 0:1.1:1:0:0.3 180 360 AF1 62.3 3.9 1.1 164 0.14

a. Titanium sulfate; b. Hexafluorotitanic acid; c. Titanium tetraisopropanolate; d. pseudo boehmite ; e. Aluminum hydroxide; Alumi-

num isopropoxide and ammonium hexafluorotitanate were the aluminum and titanium source of the unlabeled samples;

synthesized by the hydrothermal method; g. Determined by XRF; h. Sy : BET surface area 'V, :
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Fig.1 Effects of titanium sources on the phase of

synthesized products
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Fig.2 DRS-UV-vis spectra of samples S1, S2, S3, S4( A)and samples S4, S5, S6(B)
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Table 2 DRS-UV-vis spectra of samples S1, S2,
S4, S5 and S6

230 nm 260 nm 320 nm
Sample

/% /% /%
S1 28.0 40.2 31.8
S2 26.0 41.1 32.9
S4 30.8 42.0 27.2
S5 27.4 42.0 30.6
S6 26.4 40.6 33.0
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Fig.3 SEM images of samples S1, S2, S4, S5 and S6
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Fig.5 Effects of aluminum sources on the phase of synthesized products

Calcined( A) and as-synthesized ( B) samples
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on the phase of synthesized products
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Fig.7 Effects of crystallization time( A)and crystallization temperatures(B)on the phase of synthesized products
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Table 3 Catalytic performance of TAPO-5 for styrene oxidation

Catalyst Styrene Productselectivity/ %
conversion/ % Benzaldehyde Phenylacetaldehyde Styreneepoxide
S1 35.9 89.8 5.3 4.9
S2 31.6 91.4 5.6 3.0
S4 42.6 91.4 4.6 4.0
S5 16.6 88.5 6.8 4.7
S6 25.5 89.6 3.3 7.1
S14 35.6 85.7 9.8 4.5

Reaction conditions; 0.2 g catalyst, 5.0 mmol styrene, 10 mL acetonitrile, 5.0 mmol (30wt% ) H,0,, time = 6 h, T = 70 C
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J, XS A S4 KIH LT ST(FRERER) Fi S2
(FNFERER ) MOMEALPERE. X T ASIA) AR JRRE & (S4,
S5, 56), RUEEMEAHMPIRIES, H2H TR0
P22, ANFESRIE ARG, BRSO LA
RN ZRYIE. SBR N RIEE, S4 B8k
PR A SR IO EC A BR & i T S5 (BIEK R A)
Fse( &AL ), X5 S4 MfEfLERE S T S5
1 S6.

3 &g

R PR AR B8 - PRI AE 0 T S e i) P
AR T TAPO-5 43 0. FAF 451 R kIR SN
B R ERUR RS, PR JL-F AN K. BRI P/ AL BE
IRAEARE T B SN AR 2R 1R B 1) AR Aok 52 0] 7= g g 41
Fy | SERPET. BRIEXT P B S5 A L N (R
TSRO AN ], 2 i e 24 7= 0 1) K B iR T,
AR A IO 5 7 3k A R TAPO-5 B Fe i 45 1
e FRURON SIS, EKIE R S ARER SR, P,0y/
ALOEE/R R 1.1, ShAEBTE R 60 min, Ak E
180 °C. JIif% TAPO-5 43 ¥ i 76 K & M A AL AR
PSS 7 HP 2 B LR A g () 2 P e PR, B ik 3
91.4%.
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Ionothermal Synthesis of TAPO-5 Molecular Sieve by
Microwave Irradiation in Eutectic Mixture

LI Heng-jie, GAO Peng-fei~ , XUE Xiao-lu, ZHANG Lei, ZHAO Yong-xiang"~
(School of Chemistry and Chemical Engineering, Engineering Research Center of
Minisiry of Education for Fine Chemicals, Shanxi University, Taiyuan 030006, China)

Abstract; TAPO-5 molecular sieve was ionothermally synthesized by microwave irradiation and using eutectic mix-

ture based on succinic acid, choline chloride and tetraethyl ammonium bromide as both solvent and template. The

influences of titanium source, aluminum source, raw material ratio and crystallization conditions on the synthesis of

TAPO-5 zeolite were investigated. XRD, N, adsorption, SEM and DRS UV-Vis were used to characterize the struc-

ture, texture, morphology and coordinating status of titanium of the products. The results show that the synthesis

process of TAPO-5 molecular sieve is greatly affected by aluminum source and titanium source. The optimal titanium

source is ammonium hexafluorotitanate and the optimal aluminum source is aluminum isopropoxide. The obtained

molecular sieves exhibited fine catalytic performance in the oxidation of styrene, the selectivity to benzaldehyde
reached 91.4%.

Key words: eutectic mixture; ionothermal synthesis; microwave; TAPO-5; oxidation of styrene to benzaldehyde



