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Role of Te on Selective Oxidation of Propane to Acrolein over
MoBiTeO/SiO, Catalysts

HE Yi-Ming Y1 Xiao-Dong HUANG Chuan-Jing YING Fang
ZHANG Xiao-Bing WENG Wei-Zheng” WAN Hui-Lin*
(State Key Lahoratory for Physical Chemistry of the Solid Surfaces, Department of Chemistry, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract: A series of MoBiTeO/SiO, catalysts with different Te contents was prepared by impregnation method.
Effect of Te on the catalysts' structure, acidity and catalytic performance for selective oxidation of propane to acrolein
was investigated by XRD, Raman, XPS, NH.-TPD, FT-IR, and performance evaluation techniques. The results
indicated that by forming Mo—O—Te bond with the Mo species, tellurium component in the catalyst improved the
dispersion of Mo oxide species that would be favorable to the formation of isolate active sites on the catalysts. Besides,
Te could be the centers for a-H abstraction of propene and O-insertion to allyl species. So, the addition of Te to
MoBiO/SiO, catalyst promoted the acrolein selectivity greatly. However, the addition of tellurium also could contribute
the formation of B acid sites in MoBiTeO/SiO, catalysts that had been proved to be harmful to the generation of
acrolein. Therefore, there existed an optimal scale for the amount of Te-content in the MoBiTeO/SiO, catalysts. When
the ny/ny, ratio was 0.05- 0.1, the catalyst showed the best catalytic performance.
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Table 1 Catalytic performance of Mo oxide and
MoBi mixed oxide based catalysts in selective '
oxidation of propane to acrolein ' 2 , 970
Conv. Selectivity(%)
Catalyst Yace(%)
(%) ACR CH, CO, C., Oxy. )
*Quartz sand trace - trace - trace - -
MoO/SiO, 19.7 98 208 564 8.6 44 1.9 ) .
MOBioe/SiO, 174 196 160 541 89 14 34 2.2 MoBigesTe,/SiO, XRD
MoBi,./SiO, 160 198 184 535 76 07 31 1 MoBiysTe/SIO, MoO/SiO,  TeO/SiO,
MoBic/SiO, 142 216 178 498 92 16 30 XRD 15°- 30°
MoBiy/SiO, 95 264 132 447 132 25 25 , Sio, . TeO/SiO,
MOBiosTeo/SiO, 13.1 329 137 424 105 05 43 26.0°, 29.9°, 48.5° a-TeO,
MoBioesTeow/SiO; 129 396 104 343 139 18 51 . MoO/SiO,  MoBig/SiO, 12.7°,
MoBisTeo/SiO, 123 401 93 360 135 11 49 23.2°, 25.7°, 27.3°, 33.7°, 38.7° MoO,
MoBiowTe,s/SIO, 117 352 86 430 120 12 41 MoBiTeO/SiO, , Te
MoBiosTeos/SIO, 102 345 46 468 128 13 35 ' MoO, ,
MoBiwsTe,/SiIO, 96 325 43 493 133 06 3.1 Te/Mo 05 , MoO, ,
TeO/SiO, 52 271 62 468 175 24 14 Te Sio, Te
reaction conditions: V(CsHg)/M(O)/V(N,)=1.2/1/4, 7200 mL: g* h?, ’
T=550 ; catalyst: 100 mg; ACR: acrolein; CO,; CO+CO;; i i
C..2: CH+C,Hs+C,H,; Oxy. : propanal+acetone+acetaldehyde; MoBiTeO/SiO,
a: with the same volume of catalyst (about 0.2 mL) .
Bi . Te 2.3 MoBiysTe,/SiO, Raman
' ) , Te/Mo 2 MoBiysTe/SIO,  MoO/SIO,
0.05-0.1 Raman . MoO/SiO, 998, 824, 670 cm™
MoBiy e T€00/SIO, MoQO; B, MoO; , MoBiyw/SiO,
2 ’ 943 cm™
, B, MoBigesTedSiO, , Te/Mo
. CO, . , 943 cm! ,
MoO; . Te/lMo 0.5
2 MOBigosT€00s/SiO, —
’ﬂ), * TeO, .

Table 2 Effect of reaction temperature on the
catalytic performance of MoBiy,sTeqe/SiO, catalyst

Selectivity (%) Conv.

catalyst T LR cr co, Cns oxy. (%) Yorl)
MoBiosTeo/SIO; 520 443 216 276 62 03 31 14
530 427 173 313 79 08 52 22

540 428 135 325 104 08 77 33

550 39.6 104 343 139 18 129 51

560 30.8 101 420 149 12 231 7.1

570 298 56 462 180 04 289 86

After4h 570 290 65 465 172 08 292 85
Quartzsand 570 38 515 108 7.0 269 132 05

reaction conditions: V(CsHg)/\V(O,)/V(N,)=1.2/1/4, 7200 mL: g* h'%;
catalyst: 100 mg; a: with the same volume of catalyst (about 0.2 mL)
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Fig.1 XRD patterns of MoBi,.Te,/Si0,,
Mo0/Si0; and Te0/Si0, catalysts
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Table 3 Binding energy of Bi, Mo, Te and surface
atomic ratio of the MoBi oxide based catalysts

Catalyst SBEF— E.B/eV Surfac? ato-mk.: rati0(°/c.))
(m? g') Mo 3ds, Bi 4, Te 3ds, Mo/Si Bi/Si  Te/Si
MoBig/SiO, 133 2323 159.5 - 44 0.3 -
MoBiysT€s/SiO, 158 2324 159.3 576.5 36 018 06
MoBisT€,,/SiO, 110 2325 159.4 5764 35 012 07
MoBigsTe, /SIO, 95 2325 1594 576.3 32 012 12
MoBigsTes/SIO, 73 2326 159.6 576.3 30 008 15
MoBiysTe,/SIO, 64 2325 1595 576.1 30 005 21
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Fig.4 FT-IR spectra of pyridine adsorbed on
MoBi,Te,/Si0, catalysts
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Table 4 Peak areas of the IR peaks of the pyridine 2]
adsorbed on MoBiysTe,/SiO, catalysts
Catalyst Peck area Pe_ak area 3
LPy BPy ratio of L/B
MoBio/SiO; 2.13 0.02 106 , MoBIO/SIO;
MOBigcTeo/SIO; 0.96 0.03 32 Te, Te ,
MoBigesT€0s/SiO; 0.88 0.09 9.7 ) TeO,
MoBigesTe1/SiO; 0.71 0.10 7.1 a-H , ,
Te B
MOoBis/SiO, L ) Te )
(1451 cm) B (1542 cm)i, Te Te/Mo 0.05- 0.1
, 1451 cm?
, 1542 cm™
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