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Abstract

Abstract

This dissertation sets the selective oxidation of toluene and ethylbenzene
as the objective of study, focusing on the synthesis, characterization and
catalytic performance of vanadium-based catalysts, and is composed of two
parts.

In the first part, the selective oxidation of toluene and ethylbenzene using
hydrogen peroxide over vanadium-based catalysts such as VPO, VOPO,, V;0s,
VO(acac),, NH;VO3 have been studied. These catalysts were found to be active
for the oxidation of toluene and ethylbenzene to benzaldehyde and
acetophenone as the main products in acetonitrile solvent, respectively. The
activity and selectivity, however, in a sequence of decrease order, was found to
be followed as: VPO > V,05 > VOPO, ~ VO(acac), > NH;VOs. The highest
selectivities for benzaldehyde from toluene and acetophenone from
ethylbenzene were 58.8% and 67.8% over VPO catalyst with P/VV=1.1 (molar
ratio) in acetonitrile solvent, resepectively. The catalytic performance of VPO
with (VO),P,0; phase was affected by the molar ratio of P/V, hydrogen
peroxide amount, solvent property and temperature. The active center for the
oxidation was believed to be (VO),P,0; sites (V**) in the combination with
dynamic V" sites involving a reversible redox cycle.

In the second part, the catalytic performance of a series of supported VOx
catalysts prepared by conventional inpregnation method has been studied for
gas-phase selective oxidation of toluene. The structure properties of the
catalysts have been characterized by means of N-adsorption/desorption, XRD,

Raman, H,-TPR, NH3-TPD and HRTEM. The results showed that the vanadium



Abstract

oxide species supported on SBA-15 exhibited higher catalytic activity and
benzaldehyde selectivity. The surface VOx species which mainly existed in
monomeric formation in the case of lower vanadium loading showed a lower
reduction temperature and Dbetter selectivity to benzaldehyde. The
low-oligomeric VOx domains might be formed at higher vanadium loading,
presenting higher activity but lower selectivity to benzaldehyde. The addition of
potassium salts changed the properties of VOx species, resulting in the
formation of KVVO3species at the surfaces. The VOx/SBA-15 catalyst modified
by potassium salt K,SO, showed decreases in reducibility, acidity and catalytic
activity but was beneficial for the benzaldehyde selectivity.

Keywords: VPO, H,0, toluene, ethylbenzene, liquid oxidation, gas oxidation,

SBA-15
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Figure 1.1 Mars-Van Krevenlen redox mechanism
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toluene



Ll

WO AR 1 AE T SN AR B IEFEPELF . A R e
5 IR AR SEAGIEA L, AR AT T e ey b A VAR R EL A
JRE AR AR B AT SCR AT S - 7k 2 —

O RS S B AT 2yt Tl g A B S A A DA L
WO, TTRHTINE. Hia. BB RN, AR 2 BRI
A, TN TR BRgy. BB LG AT . [ P PR T A
PR 3 UK T, BN A ZOR . B i, AT g
AR N ARG RS, e EE S e AN B A

1.2 BESHESUHERIMIRER

PR AR B R AU U R R K 2 SR A E 0 v s o 32 1 S
Z— XMTHR—ADEIRRNRGE TR E WA )% 50 B R YA A
PRAEA AR, R — AN IR R NP, Y4y ik, 1
FAHEAHIZE I T2 T O LA, I I 4 R 2 402
GEFA, F I BANTEJH R R A s, KRBT BAA Sk T AR A
I B R S S AR S O R A A LS e iR IR A A
Y5E . REEK, & EAR BRI AL S PEAK IR 2 Cog04> CuO >
Mn,03 > Fe;03 > Cry03> U30g > NiO > V,05> TiO, > ThO, > WO3> ZnO >
SN0, > MoOs > Bi,03 > Ta,05 > Nb,Os > ZrO, > Sh,03, 1H M i A [FIHF5T 45 F
K, AU TSRV E A ), 45 380 10 25 R 7 e — JRORARART)

LRI 1) PR R R e (1 R R AR PR R LR R 2 h B
A . AN AR ELAE AR 1 de s, A S Py, Bl
A HAE T RCh 2 DR AHZ R, BUERIEH IR 5 A U x
R EPEEA R T 8 A RE .



AN L 2 T e VAT

1.2.1 SAEELTUER

PUBEAE AR B T2 B T P R P AU Tl P R ) S I A & e, 1
FHA3E (B FNAS NI IR B, B AT e A 12K AR IR IR Rk

IR, B A P oE A A= A 1 B e T i
T AR AR AR OB BB A 2D 4L
SEAAG IR FIE TS B S B DA O, — A, AL
FR_L dt s S A2 AR AU B N P I 1 3 1 S e P S D R ) £
.

R 11 PRI LRI R AT B R )

Table 1.1 Proposed selective forms of oxygen in hydrocarbon oxidation
over vanadium-containing catalysts

SN AL HAF i
- Y V,05/SiO;, YR
FR - FH V-Carbosil MR o A+ i A A TAP
- T V,05/Ti0,/SiO, A Kinetics/TPR
-1 VPOy/TiO, ALY Kinetics
N - P A V/MgO MR B 4+ i s 4 TAP
- (VO)2P,07 W A+ it 4 TAP
A - P A VSBxOy Ry NIV TAP
TR (VO),P,0; ALY TAP
R B4+ i R 40 TAP
WO Kinetics

19864F, Hitdif¥) B. Jonson 25120 2 gi AN [E] f1 4k E: (1) V20s/Al,05-C
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Table 1.2 Products from gas-phase oxidation of toluene over vandium-
containing catalysts

WHEHE (mol%) *f

SOVIRE WHSV

Ak . 7K P g +
(KD h BEA SRR itk T IREL F
7K H R
573 1 .53 94 6.1
V-Si
667 1 .53 95 45 0.1
623 1.8° 96 3.3 05
V-Aerosil 90
673 1.79° 94 6.0 0.1
623 2.16° 93 36 25 0.7
V-ZSM5
672 2.32° 99 1.0
621 1.73° 99 0.3
O0VAPO-5 674 2.12° 99 0.4 1.0
670 8.34° 99 0.4 0.7
V,04/AIPO,-5 621 2.48° 98 1.2 0.4
673 1.98° 90 7.9
V,05/ 47 3
674 7.75° 91 85 0.7

3C1-Cale A7 1E; POu/toluene=7/1; °O,ftoluene=2/1; d=80 mol% CO,; 'FIZK#ELL K

<20%

SRR E T A AT T, 1 SRR AT B RS R
IR FEE IS o TR IS RS USR] T R AT (R A R, WG P 4
Re AN AT V205 TR AL . Rl id A HEALTRE R W) 2 vy TR RS et
I, (EOE 28 RIS Y IR KD PR AT 5, 1 AR 7R R P 2
BT IR AT EIRBTE ARSI S & a7
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