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Table 1 The amount of the precursors in the preparation of catalysts

Catalyst Tetraethoxysilane (g) Titanium ([V) Chloride (g)
Ti0, 0 38.0
Ti0, /Si0, (7/3) 12.5 26.6
Ti0,/Si0, (6/4) 16.7 22.8
Ti0, /Si0, (5/5) 20.8 19.0
Ti0,/Si0, (4/6) 25.0 15.2
Ti0,/Si0, (3/7) 29.2 11.4
si0, 41.7 0
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Table 2 The influences of TiO,/SiO, (mol/mol) ratio on the specific surface area
and performance of catalysts
Catalyst S (m'/g) T(C) X Selectivity (% )
A B C D E F
TiO, 63.2 90 24.8 89.3 6.1 2.0 2.4 0 0.2
Ti0,/Si0,(7/3) 209.5 90 48.1 84.5 4.6 2.3 3.2 0 5.4
Ti0,/Si0, (6/4) 247.3 90 42.6 81.0 0.8 5.2 8.4 0 4.6
Ti0,/810,(5/5) 308.4 90 9.6 100 0 0 0 0 0
Ti0,/Si0, (4/6) 383.0 90 5.9 100 0 0 0 0 0
Ti0,/Si0, (3/7) 432.8 90 4.3 100 0 0 0 0 0
Sio, 730.7 90 1.8 100 0 0 0 0 0
TiO, 63.2 100 50.7 79.2 8.0 6.7 1.4 2.3 2.4
Ti0,/810,(7/3) 209.5 100 68.6 61.5 10.7 9.4 12.2 0.1 6.1
Ti0,/Si0, (6/4) 247.3 100 60.4 69.2 5.4 8.0 12.7 0.2 4.5
Ti0,/Si0,(5/5) 308.4 100 25.9 84.6 1. 4.1 8.0 0 1.6
Ti0,/Si0,(4/6) 383.0 100 18.6 85.6 1.2 4.7 3.9 0 4.6
Ti0,/Si0,(3/7) 432.8 100 18.9 94.6 5.4 0 0 0 0
Sio, 730.7 100 8.5 100 0 0 0 0 0

Reaction conditions: 3.0 MPa, Liquid flow =0. 17 mL/min, Air flow =571 mL/g + h, V(volume of toluene in styrene)

=10%. Ti0,/Si0, catalysts were calcined at 450 C.

S: specific surface area of catalyst, T: reaction temperature, X: styrene conversion, A: benzaldehyde selectivity,

B: phenylacetaldehyde selectivity,

C: acetophenone selectivity, D: benzoic acid selectivity, E: phenyl epoxyethane selectivity,

F. styrene glycol selectivity
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Fig.2 The influence of toluene concentration (in volume)

on styrene oxidation over Ti0,/Si0,(7/3) catalyst
(calcined at 450 °C)

Reaction conditions; reaction pressure 3.0 MPa,
liquid flow 0. 17 mL/min, and air flow 571 ml/g - h
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Fig. 3 The influence of liquid flow on the reaction
Reaction conditions; reaction temperature 100 °C ,
reaction pressure 3.0 MPa, air flow 571 mL/g - h,
and toluene volume concentration 10.0% ;

catalyst Ti0,/Si0, (7/3) calcination temperature 450 °C ;

H styrene conversion, @ benzaldehyde selectivity
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Fig. 4 The influence of air flow on reaction

Reaction conditions; reaction temperature 100 C ,

reaction pressure 3.0 MPa, liquid flow 0. 17 mL/min,

and toluene volume concentration 10.0% ;
catalyst Ti0,/Si0, (7/3) calcination temperature 450 °C ;

H styrene conversion, @ benzaldehyde selectivity
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Reaction conditions: 3.0 MPa, Il 80 C, @ 90 C,
liquid flow 0. 17 mL/min, air flow 571 mL/g « h,
toluene volume concentration (in styrene) 10.0% ,
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| EIR IR RS NIRRT R ek o it
FETH R, RO IFAL R K. d 6 Fiy XRD %
ATRLVE R fEA R AR R IR T, AT
TR RAG SRR Y TiO, , JHAL I A H BH 1
YA, BRI IR A AR BRI 2 h T4 7Y
SRR SR, X AR B 2w E (3R
3) K ILBEE AL RO el BE T, ALY LR
T R, BT LATE BAT AR TR 2SR A5 1o
CIRFAL R R th T e R A FARS DR ). 78
P HIWFTE R, BATEE TR RI b, 7EK
K3 BN, A R AR R, X AT RE R
HI T Sl BEA 7, AT B 5 F 78 B P B K
. fEIE T AL Ti0,/Si0, (7/3) #y XRD K
T, FRATTBAT A BRI TE SRR IS K AR AR A

Calcinations temperature(°C)  Specific surface area(m’/g)

300
350
400
450
500

245.0
224.3
221.2
209.5
192.1

fk.

it

Intensity

®  Anatase

Before reaction TiO,/8i04(7/3)
[ ]

BT REE

After reaction TiO/SiO,(7/3)

26

B 7 WS Ti0,/Si0,(7/3)

HEALFRI ) XRD [£]

Fig.7 The XRD patterns of TiO,/Si0,(7/3)

X LTS

before and after reaction

HEW] Ti0,/Si0, (7/3) fiEAk Ak 4



3 0 FHIFI  HELIAE TI0,/SiO, MEALH] b A AL AE T OB 247
FASE. TIPS, SLERAR LR 4. BESE R, Xt

3oh, FATRXS CL™ A7AERS S 14 52 1 A £

Fb [F]— M4k 7 TiO,/Si0, (7/3) , 7545 Cl1° IR 25
%< 4 Ti0,/Si0,F Cl™ BFXI % Z 1% |4 R B 195500

Table 4 The influence of Cl~ ions in TiO,/SiO, catalyst on styrene oxidation

Selectivity (% )

Catalyst T(C) X

A B C D E F
Ti0,/5i0,(7/3 % C1°) 80 12.1 100 0 0 0 0 0
TiO,/Si0, (7/3 % C17) 90 48.1 84.5 4.6 2.3 3.2 0 5.4
Ti0,/Si0,(7/3 % C17) 100 68.6 61.5 10.7 9.4 0.1 6.1
Ti0,/8i0, (7/3 45 C1) 80 1.5 100 0 0 0 0 0
Ti0,/Si0,(7/3 /F C17) 90 50.6 80.1 7.6 5.5 1.2 1.7 3.9
TiO,/Si0,(7/3 4/ C17) 100 66.4 63.5 5.3 10.7 14.6 2.7 3.2

Reaction conditions: 3.0 MPa, Liquid flow =0. 17 mL/min, air flow =571 mL/g + h, V(volume of toluene in styrene) =10% ,

Ti0,/Si0,(7/3) calcined at 450 C.

T: reaction temperature, X: styrene conversion, A: benzaldehyde selectivity, B: phenylacetaldehyde selectivity,

C: acetophenone selectivity, D: benzoic acid selectivity, E: phenyl epoxyethane selectivity, F: styrene glycol selectivity
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Catalytic Oxidation of Styrene to Prepare Benzaldehyde over TiO, /SiO,

XIN Ke-ke, LI Wen-sheng, ZHOU Xiao-ping"
( Department of Chemical Engineering, Hunan University, Changsha 410082, China)

Abstract: In the oxidation of styrene by oxygen (in air) over TiO,/Si0, catalysts, benzaldehyde and formaldehyde
were formed as the major products. The reaction could be carried out below 100 °C. High benzaldehyde selectivity
(95.0% ) was obtained at relatively lower styrene conversion (18.0% ). The investigation indicates that the sty-
rene conversion increased with the increase of TiO, concentration in Ti0,/SiO, catalysts, but the benzaldehyde se-
lectivity decreased with the increase of TiO, concentration. The addition of toluene in styrene influenced the styrene
conversion and benzaldehyde selectivity. When a toluene- styrene solution containing 20% (in volume) of toluene
was used as the reactant feeding, an optimum reaction result was obtained. The flow of air also influences the reac-
tion. However, when the space velocity of air is higher than 571 mL/g - h, the space velocity of air does not influ-
ence the styrene conversion and benzaldehyde selectivity anymore. In the reaction, when the flow of liquid ( styrene
plus toluene) increases, the conversion of styrene decreases and the selectivity of benzaldehyde increases. When
catalysts have different TiO, concentrations, the conversion of styrene increased with the increase of TiO, and in this
case, the specific surface areas of catalysts are only the secondary factor that influences the styrene conversion.
However, when catalysts have the same composition, but have different specific surface areas, the specific surface
area become the most sensitive factor, which impacts the reaction. Higher specific surface area corresponds higher
styrene conversion.

Key words: Oxidation of styrene; TiO,/SiO, catalyst; Benzaldehyde



