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Effect of Alkali Metal Doping on the Performance of Silica-supported
MoV TeO, Catalysts for Selective Oxidation of Isobutane to Methacrolein

SUN Xiao-dan' JIN Hao' ZHANG Shu-dong' ZHANG Xin-wei' YIN Ze-qun',
LIU Quan-jie', WENG Wei-zheng® WAN Hui-lin*
1. Fushun Research Institute of Petroleum and Petrochemicals, Sinopec, Liaoning Fushun 113001  China

2. State Key Laboratory for Physical Chemistry of the Solid Surfaces Engineering Laboratory for Green Chemical Productions
of Alcohols Ethers and Esters College of Chemistry and Chemical Engineering Xiamen University Fujian Xiamen 361005 China

Abstract: Based on 3% MoV gTe»30,/SiO, catalyst, effect of alkali metal (Li, Na, k, Cs) doping on its catalytic
performance was investigated. Alkali-free and alkali-doped MoV sTe, »30,/Si0, catalysts were characterized by BET,
XRD, Raman and H,-TPR. In addition, the relationship between characterization results and catalytic performance was
also studied. The results show that the highest MAL yield can be obtained on the catalyst with Cs/Mo molar ratio of
0.2 at the reaction temperature of 420 . The enhanced catalytic performance in the selective oxidation of isobutane to
MAL on the Cs-doped catalyst seems to be related to the crystalline TeO, species appearing on the catalyst, the Te-O

active site of which can be supplied with bulk lattice oxygen fast after reduction, which can promote the delivering of
lattice oxygen.
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3% MoV sTe230,/Si0, MAL
2.0% 2.9%
m? - g—l
3 MoVosTeo2sMo20.4Si0
3.1 MoVosTeo23Mo20,4/SiO: BET MoVosTe02:CS020./Si02
2 3% MoVosTeo2:0,4/Si0;
1 3% MoVosTeo.2:0, /SIO; °
Table 1 Catalytic performance of MoV gTeg23Mg 204 /SiO,?
Selectivity ,%
Catalyst Conv. ,% Yield of MAL ,%
MAL® i-Cy° (o Co’ Others®
3% MoV 3Tep230,/Si0, 55 35.9 10.5 2.2 48.9 2.5 2.0
MoV gTey»Lip,0,/Si0, 3.1 48.0 10.8 43 355 1.4 15
MoV sTep23Nag,0,/Si0, 2.1 61.8 8.3 0 28.7 1.2 1.3
MoV sTe)23K020,/Si0, 39 47.7 11.7 3.7 355 1.4 1.9
MoV 5Teq.23Cs0204/Si0; 8.4 35.0 9.1 25 51.9 1.5 2.9

a. Reaction conditions: Temperature: 420 ,i-C4H;p O, Np=1 1 4, GHSV=3 000 mL'gCﬂ[l'h'l
b. Others = acetone + acrolein
c. isobutene =i-C4= , propene=C;=, CO, = CO+CO, , MAL = methacrolein

2 M0V0.5T90_23M0.2OX/Si02
Table 2 Physical characteristics of MoV, gTeg23Mg,0,/SiO,

Catalyst Surface area Pore diameter MoVosTe02:CS0204/Si0; 2
3% MOVo_gTeo_zgox/SiOZ 335 6.6 6:259 o 298 o Te()2
MoV sTe 23Lig,0,/SiO2 116 20.5 JCPDS, 65-2825
MOV()_gTC(],z_;Na(]'QOX/SiOz 113 219 C
MOV(]_gTeovyK(]_zox/SiOz 90 25.6 s
MoV sTeo23Cs0.20,/Si0; 134 15.1 Te0 Te0 Te-0
3.2 MOVO.BTeO.23MO.ZOx/SiOZ XRD Cs
1
MoVo.sT€025Mo204/Si XRD .
0VosT€023Mo204/SiO: 3.3 MoV, sTep23M20,/SiO, Raman
. "9‘ MoV, ,Te, .Cs, .0./SiO, 2 MoV 5Tep23M20,/Si0,
. A MoV 5Te23M,0,/SiO 1034 cm’!
2 MoV, Te, K. .0./Si0, 0.81€0.23M0 20y )
- MoV, Te,..Na,.0./SiO,
E MoV, Te, .Li, .0./SiO, 0=V(-0-Si); V=0
3%MoV, T, .,0./SiO,
r Y [14,15]
10 30 5 1h 50 /4 70 90 3%
erasdes. M0Vo5Teo2:0,/Si0x 948 cm™
1 MOVO‘gTCO'ngO'Zox/SiOZ XRD T [13,
Fig.1 XRD patterns for MoV gTeg 23Mg,04/SiO, €
catalysts ¥ 855 cm™ B-Mo0Os
1 MoVosT€023CS020./SiO; 817 cm™ =) MoVosT€023Mo204/Si0,  M=Li, Na,
20-=14=-~33< K 817 cm™ a

SiO2 -MoO; MoVosTe€o.23Li0204/SiO;
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Fig.2 Raman spectra of the catalysts
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