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Propane Oxidation over M-VPO(M=Nb, Ce, Te) Catalysts
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Abstract: The VPO catalysts prepared in organic media were doped with Te, Ce and Nb in different loadings via
impregnation method. The dopants with higher contents enhanced oxidation ability of the catalyst, especially for the
Te doped one. H,-TPR results indicate that the reactivity of M-VPO lattice shows the following trend: Ce-VPO~Nb-
VPO<Te-VPO. However, the conversion of propane does not simply follow this tendency, suggesting that activation
and conversion of propane is closely related to certain lattice oxygen in catalysts. The dispersion of dopants over
VPO base varies with dopant content, and consequently, influences the dopant-VPO interaction, which in turn affects
the catalytic behavior of the catalyst: (a) Nb dopant significantly increases the reactivity of the catalyst, but notably
decreases the selectivity to AA owing to the enhanced deep oxidation; (b) the lattice oxygen associated with Te
dopant may involve the oxygen insertion reaction to generate acrylic acid (AA) product, thus increases the AA
selectivity; (c) the Ce dopant with high concentration also increases deep oxidation of the catalyst. However, the

appropriate amount of Ce dopant(nc,:ny=0.02) shows a promotion effect on AA formation.
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Fig. 1

(a) XRD patterns of the M-VPO catalysts (0.1,0.02 and 0.004 denote the atomic ratio of M/V

(M=Te, Ce, or Nb) =1:10, 1:50, and 1:250, respectively), (b) XRD patterns of M-VPO catalysts
(nu/ny=1:10), (c) XRD patterns of Te-VPO catalysts with different Te contents

VPO AR 212 35 il 45 I 45 i vE A BT A 7 Hoflh X
SRR AT SN R Al AR AT TR Y 2

2.1.2 AL B I T

N BETE VPO i Ak 751 I 1) S8k B Ry 328 1 48 Ak i
Ji (redox) AL B, Pt A £ 390 1) S0 A 3 it 1 JB %) Ak
FI AT R A 5 R Ry AR S5
AR(TPR)E % 1 AL ik J5i B, 18 2 181 3 4351
H ny/ny=1:10 F ny/ny=1:50 1) M-VPO #E4L I 4 H,-
TPR Hi4k . M E AT M-VPO #E4LFIFE 400 CLE A7
RIFF 4 #E %L, Ce-VPO 1 Nb-VPO A b 71 32 B4 Ji i
AT 600,750 CAEAT, BEHIEARA & A R R Y
fn A8 A (UL B 5 4 IR B A B A B AR A A
FER 0> 85 F), 600,750 °CZc A7 1Y 34 Ji 06 7] G X i
TR v VIR R B 4 8 Te-VPO 1Y
H,-TPR M4k, MEH AT LI | 0.1Te-VPO i fL 7
TE 560 CA —if il | i LI 7E 0.02Te-VPO i fk
I ARSS , B RT BB XTI T Te 2H 43 HH G S % S0 1Y)

H, consumption (a.u.)

200 ‘ 400 ‘ 600 800 —
Temperature / C
K2 M-VPO(ny/ny=1:10)fE4L 5 1 TPR &

Fig.2 TPR profiles of M-VPO catalysts(ny/ny=1:10)
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Table 1 XPS results of Te-VPO catalysts with different Te contents

Surface composition / mol%

Sample V2py, I eV P2p leV Ols / eV~ Te3d/eV b o ~ P/v
0.1Te-VPO 516.9 1339 531.3 576.6 11.0 15.5 72.9 0.6 14
0.02Te-VPO 516.8 133.9 531.4 / 10.0 154 74.6 / 1.5
0.004Te-VPO 516.9 133.8 531.3 / 11.5 15.9 72.6 / 1.4

2.1.4  EALTIAY H i A

R 2 T AN E AN 53 F 0.1Te-VPO HEAL
R R AR EA BB R RUR K H A5 SRR
TERH AL VPO R G A HE SR T BT | SN2 23 A 5 |
AT VAT W U R R LU R TR, SRR 22
IKAL BRI SR AR L, 7K A B 25 (A o 11 L 3R T AR
I/ N (R BT 17%) 3% J2 DR A A 700 i A4 7 Bk
b B R ORI TS5 BT RS R VIR S
[ (RIS I R | SR (U AN A O X E il =095 2
$i5 AR (XRD 455, PRI G 1 50 (9 1 3k T AR
—E R,

F2 AE VPO ELFIMEERER

Table 2 BET specific surface areas of the VPO catalysts

Catalyst BET surface area / (m?-¢g™)
Without water treatment VPO 23
Water treated VPO 19
0.1Te-VPO 24
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Fig.6  Temperature dependence of propane conversion

and AA selectivity over the M-VPO catalysts
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