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Fig. 1 X-ray diffraction patterns of the samples
(a) MCF; (b) 4.01V0_/MCF; (¢) 7.03VO0./MCF;
(d) 8.50V0_/MCF; (e) 15.6V0, /MCF;
(f) 16.1V'0,/MCF; (g) 600 °CK5%)5 ) VOSO,
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Table 1 Porous properties and elemental analysis results of the samples

Pore Size Pore Size BET Pore Loading of
Samples ( Adsorption) (Desorption) Surface Area Volume Vanadium Oxide
(nm) (nm) (m’/g) (em'/g) (%)"
MCF 22.7 7.1 656 1.7 -

4.01V0O,/MCF 22.2 6.9 586 1.6 4.01
7.03VO,/MCF 22.0 6.9 468 1.4 7.03
8.50V0,/MCF 22.4 6.9 446 1.4 8.50
15.6V0,/MCF 22.3 6.9 400 1.3 15.6
16.1V'0,/MCF 21.8 6.8 329 1.2 16.1

a The data were calculated according to the percent of V and Si was measured by XRF of the catalysts.
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Fig. 2 N, adsorption-desorption isotherms of the samples
(a) MCF; (b) 4.01V0_/MCF; (c) 7.03VO,/MCF;

(d) 8.50V0,/MCF;(e)15.6VO, /MCF;
(f) 16.1 V'0_/MCF
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Fig.3 TEM images of the samples
(a) MCF; (b) 4.01VO,/MCF; (c) 7.03VO, /MCF; (d) 8.50V0,/MCF; (e) 15.6VO /MCF; (f) 16.1V'0 /MCF
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Fig. 4 Raman spectra of the samples
(a) MCF; (b) 4.01V0_/MCF; (¢) 7.03VO0./MCF;
(d) 8.50V0,/MCF; (e) 15.6VO0,/MCF;
() 16.1 V'0_/MCF
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Fig. 5 NH,-TPD curves of the samples
(a) MCF, (b) 4.01V0O_/MCF; (¢) 7.03VO,/MCF,
(d) 8.50V0,/MCF, (e) 15.6VO0, /MCF;
(f) 16.1 V'O /MCF
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Table 2 Summary of NH,-TPD data upon VO _/MCF catalysts

Samples T, Acidic amounts
(°C) (mmol NH,/g)
MCF - 0.020
4.01V0_/MCF 214 0.280
7.03V0,/MCF 220 0.321
8.50V0,/MCF 228 0. 496
15.6V0,/MCF 252, 560 0.662, 0.03
16.1V'0,/MCF 280, 560 0.702, 0.02
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Fig. 6 H,-TPR curves of the samples
(a) MCF; (b) 4.01VO_/MCF; (¢) 7.03VO,/MCF;
(d) 8.50V0,/MCF; (e) 15.6V0,/MCF;
(f) 16.1 V'0,/MCF; (g) 600 °CKi4J5 iy VOSO,
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Table 3 Catalytic results of different VO _/MCF catalysts

Conv. (%) Sel. (%) Yield (%)
Catalysts

C,Hg CyH, C,H,  oxygenates  CO, C;H, C,H, oxygenates CO,

MCF 6.2 18.6 4.2 94.6 1.2 0.3 0.1 5.9
4.01V0,/MCF 22.3 54.6 2.1 41.9 12.2 0.5 0.6 9.3
7.03VO,/MCF 34.4 50.2 2.9 43.0 17.3 1.0 1.3 14.8
8.50V0,/MCF 35.6 40.6 3.3 51.8 14.5 1.2 1.5 18.4
15.6VO, /MCF 41.3 39.0 4.2 52.3 16.1 1.7 1.9 21.6
16.1V'0,/MCF 42.6 32.3 5.3 58.7 13.8 2.3 1.6 25.0

T = 600 °C, GHSV = 18750L - Kg ™'
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B 7 AR AR L P Be e A 3 K™ ik P i 245
Fig. 7 CyH; conversion and products selectivity of
different VO /MCF catalysts
(a) MCF; (b) 4.01VO,/MCF; (c¢) 7.03VO,/MCF;
(d) 8.50V0,/MCF; (e)15.6V0,/MCF
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Fig. 8 Products yields of different VO /MCF catalysts
(a) MCF; (b) 4.01VO,/MCF; (¢) 7.03VO,/MCF;
(d) 8.50V0,/MCF; (e) 15.6V0,/MCF
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Fig. 9 C,Hg conversion and products selectivity of catalysts

prepared by different methods
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Fig. 10 Products yield of catalysts prepared by different

methods

34 it

3

KHRGE R, IECREAE AP, G s
FSWCRKAR, A fLB B MCF 38k, &5 2eab 3,
i & AN R 2k i VO,/MCF k7], It 5
MR Bk T V'0,/MCF i e, 73 DR

558

SR A FORES TR FE R, RS
LT 8. 50% B, A S F LA A 2 DL AP
TRAF I EACUAEAE s Y T e it 8. 50% JG & A R
AR S E Y B

Xof A 7R AT 2% 1T R M R AR Ak P IF 5 R
Y, B R AL B R B 3G T, R ol X6 1 TR A o
K AR JE TSR], VO,/MCF {4k 73R 11
SR AP 0 SR BRI, T R AR A B A
BRI 38 D I A 1

PR3 3 AR A SR ) P T X 5 R 2 B el A
A VO,/MCF #4678 b2 b
7.03% B, HEALFIZR I B AR AL TS 1, BT
JEBCE N 17.3% . e 18 37 BRDSUR IR ik
#4414 16.1 V'O _/MCF i115.6 VO_/MCF 1 75 % fi:
PRI AL PERE, AU A i 4 i fE e ) (15. 6
VO,/MCF) 7R H S AF b i v, 33 5 80 F k1Y
il 2 R AT LA AR L AR AT B R A B4 Py e
A AT EAL P AL T3 5O %

S

[1] Concepcion P, Botella P, Nieto ] M Lopez. Catalytic and
FT-IR study on the reaction pathway for oxidation of pro-
pane and propylene on V- or Mo-V-based catalysts[ J].
Appl. Catal. A: Gen. , 2004, 278(1) . 45 -56

[2] Zhang, Q H, Wang Y, Ohishi Y, et al. V-MCM-41 for
selective oxidation of propane to propene and acrolein
[J]. Chem. Lett. , 2001, 30(3): 194 —195

[3] Chen Ming-shu ( B ), Wen Wei-zheng ( 55 4EIF) ,
Wan Hui-lin(J7 8 5%) . R UL AL R BN bRy
G E G e Ak [T]. J. Mol. Catal (China ) (43 f
1£), 2000, 14(1) :6 —10

[4] Han Y F, Wang, HM, Cheng H, et al. Dispersed vana-
dium phosphorus oxide on titania-silica xerogels: highly
active for selective oxidation of propane [J]. N. J.
Chem. , 1998, 22(11). 1175 -1 176

[5] Zhaorige tu B (MEHM%KA]) , Li Wen-zhao (%3CH1]),
Kieffer Roger. PNt MM = A AL WAL TR 1 185 1 4240
v [J]. J. Mol. Catal( China ) (43T 4#4k), 2002,
16(4): 279 -283

[6] Solsona B, Blasco T, Lépez Nieto J] M, et al. Structure
and catalytic properties of VO /MCM materials for the
partial oxidation of methane to formaldehyde [ J]. J.
Catal. , 2001, 203(2) : 443 -452

[7] LiuYM, CaoY, YiN, et al. Vanadium oxide supported

on mesoporous SBA-15 as highly selective catalysts in the



134

5 OF B

e 526 &

oxidative dehydrogenation of propane [J]. J. Catal. ,

2004, 224(2) ; 417 —428

[14]

Abello L, Husson E, Replin Y, et al. Vibrational spec-

tra and valence force field of crystalline vanadium pentox-

[8] Schmidt-Winkel P, Lukens W W, Zhao D Y, et al. ide. spectro[ J]. Acta. A., 1983, 39(7): 641 -651
Mesocellular siliceous foams with uniformly sized cells [15] Liu Y M, Cao Y, Zhu K K, et al. Highly efficient VO_/
and windows [J]. J. Am. Chem. Soc. , 1999, 121(1) ; SBA-15 mesoporous catalysts for oxidative dehydrogena-
254 -255 tion of propane [ J]. Chem. Commun., 2002, 23.

[9] Pham-Huu C, Keller N, Estournés C. Synthesis of 2 832 -2 833
CoFe, 0, nanowire in carbon nanotubes a new use of the [16] Solsona B, Blasco T, Lépez Nieto ] M. Vanadium oxide
confinement effect [ J]. Chem. Commun. , 2002, 17. supported on mesoporous MCM-41 as selective catalysts
1 882 -1 883 in the oxidative dehydrogenation of alkanes [ J]. J.

[10] Impéror-Clerc M, Bazin D, Appay M D. Crystallization Catal. , 2001, 203(2) . 443 —452
of beta-MnO, nanowires in the pores of SBA-15 silicas: [17] Adamski A, Sojka Z, Dyrek K. Surface heterogeneity of
in situ investigation using synchrotron radiation [ J ]. zirconia-supported V,0O; catalysts-the link between struc-
Chem. Mater. , 2004, 16(9): 1 813 -1 821 ture and catalytic properties in oxidative dehydrogenation

[11] Jiao K, Zhang B, Yue B, et al. Growth of porous single- of propane [ J]. Langmuir. , 1999, 15(18): 5733 -
crystal Cr, O, in a 3-D mesopore system [ J]. Chem. 5 741
Commun. , 2005, 45, 5 618 -5 620 [18] Zhou R, CaoY, Yan S R, et al. Oxidative dehydrogena-

[12] Liu S X, Yue B, Jiao K, et al. Template synthesis of tion of propane over mesoporous HMS silica supported va-

[13]

one-dimensional nanostructured spinel zinc ferrite [ J].
Mater. Lett. , 2006, 60(2) : 154 — 158

Lukens W W, Schmidt-Winkel P, Zhao D Y, et al.
Evaluating pore sizes in mesoporous materials: a simpli-
fied standard adsorption method and a simplified broek-
hoff-de boer method [ J]. Langmuir. , 1999, 15(16) :
5403 -5 409

(19]

nadia [J]. Catal. Lett. , 2001, 75(1 -2) . 107 - 112
Baltes M, Cassiers K, Van V P | et al. MCM-48-sup-
ported vanadium oxide catalysts, prepared by the molecu-
lar designed dispersion of VO (acac),: a detailed study
of the highly reactive MCM-48 surface and the structure
and activity of the deposited VO _[J]. J. Catal. , 2001,
197(1): 160 - 171

VO, /MCF Catalysts Prepared by Two-solvents Impregnation and
Application in the Selective Oxidation of Propane

PEI Su-peng' *, ZHOU Yi-feng', YUE Bin*, QIAN Lin-ping’, YE Lin’, HE He-yong
(1. School of Chemical and Environmental Engineering ,Shanghat Institute of Technology ,Shanghai 200235 | China
2. Department of Chemisiry, Fudan University, Shanghai 200433, China)

Abstract; VO _/MCF catalysts were prepared by two-solvents impregnation method and characterized using N,
physics adsorption, X-ray diffraction (XRD) , transmission electron microscopy (TEM) , raman spectroscopy ( Ra-
man Spectroscopy ) , temperature-programmed desorption (TPD) , temperature-programmed reduction (TPR). And
also, the catalytic performances of catalysts were tested for selective oxidation of propane. It was showed that VO _/
MCF catalysts prepared by two-solvents method had good catalytic activity. Compared with the catalyst prepared by
general impregnation, the catalyst prepared by two-solvents method showed better catalytic performance. It may be
conduced to the better dispersion of vanadium oxide of the catalyst prepared by two-solvents method , whereas the
highly dispersed vanadium state are the active positions of reaction of selective oxidation of propane

Key words: two-solvents; VO _/MCF; highly dispersed, propane; selective oxidation



