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Table 1 Composition of MoVTeNbO catalysts

Preparative composition of catalysts ( molar ratio)

Sample

Mo AY Te Nb CTAB CA
S1 1 0.34 0.22 0.13 0.55 0
S2 1 0.34 0.22 0.13 0.55 0.24
S3 1 0.34 0.22 0.13 0 0
S2-1 1 0.34 0.22 0.13 0.55 0.36
S2-2 1 0.34 0.22 0.13 0.55 0.48
S2-3 1 0.34 0.22 0.13 0.55 0.72
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Fig. 1 N, adsorption-desorption isotherms (a) and pore size distribution (b) of different catalysts
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Table 2 Specific surface area, pore volume and the catalytic performance of different catalysts

Sample A/ (m* + ¢7') Pore volume/(cc - ') X(CyHg)/% S(AA)/% Y(AA)/%
sl 10.8 0.027 62.3 46.7 29.1
2 18.8 0. 054 65.7 62.8 41.3
s3 7.0 0.050 53.9 61.5 33.1

Reaction conditions: n(C;Hg) : n(N,) : n(0,) : n(H,0) (mol) = 1.0/8.0/1.8/3.0, space velocity (C;H,) = 3.75 mL/
(g + min) , reaction temperature 400 °C, AA—Acrylic Acid.
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Fig. 2 N, adsorption-desorption isotherms (a) and pore size distribution (b) of catalysts prepared with different amounts of CA
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Table 3 Specific surface area and pore volume of catalysts with different amounts of CA

Sample n(CA)/n(Mo) Aper/ (m* + g™") Pore volume/(cc + g™)
$2 0.24 0.054
$2-1 0.36 0.065
$2-2 0.48 0.048
$2-3 0.72 0.040
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Fig. 3 XRD patterns of catalysts prepared with different

amounts of CA
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F TEM B8 5 Rl 0, S2-1 {4k 50 i ks o A 45 4541
RiAE N 10 ~ 16 nm; FfAAAE R EIR JCRIFLIE, B4l
oA (B 2b) il g0, FLARVE RN 2 ~ 12 nm, 4
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Fig. 4 SEM images of catalysts prepared with different amounts of CA (a) S2, (b) S2-1, (c¢) S2-2, (d) S2-3
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Fig. 5 TEM images of S2-1 catalyst (Solid lines represent

pore size and dotted lines represent particle diameter)
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Fig. 6 H,-TPR profiles of catalysts prepared with different

amounts of CA
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Fig. 8 Catalytic performance of catalysts prepared with different

amounts of CA for one step selective oxidation of propylene
Reaction conditions; n(C;Hg) : n(N,) : n(0,) : n(H,0)

(mol)=1.0/8.0/1.8/3.0, space velocity(C;H,) =
3.75 mL/(g * min) , reaction temperature 400 °C
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Fig. 9 XPS spectra (a) and curve fitting spectra of each element in catalysts prepared with different amounts of CA

Mo 3d (b), V2p (¢), Te 3d (d) and Nb 3d (e)

Mo 3d,,,(232.3 eV) fil Mo 3d,,(235.4 eV) ¥k
Mo, HIHEALH] XPS ZpHra Rl 50, V TR Ak
R I W R R AR, HOA 0. 24% ~

0.53% ,%F V 2p,, #5700 (P 9c) I CA ¥R
AN R X AL 70 2R T VT 3R A9 H
ISR, S2 i 516.3 1 517.6 eV AbfgIE 5515

oA AR



16 7 A (1

29 %

+4 F1+5 #y V AHXT N, S2-1 FRIESSHE N 515.9 eV
ARRTUERT IH S +3 M V JuE, S2-2 KH 515.9 AN
516.9 eV byl 4>k +3 Fi+5 #r V, S2-3 F i
515.2 F1516.2 eV Lb el o3 JI%E 0 F+3 Fi+4 4
V. 4 FpEfb I ZR 1 Te TCER M S0 A1 A B X
A1, Te 3d,,(575.9 ~576.5 eV) fil Te 3d,,,(586.3 ~
586.9 eV) Ab A X} N F +4 4 Te JEEK (& 9d).
1 &l 9e FI AT, S2-1 K 1f Nb JCE Y 3d i &I AT A4
A 4 M, Nb 3d,, 206.3 eV il Nb 3d,,209. 3eV
LB 1 Xk R Nb* | Nb 3d,,, 207. 6 Fi1 Nb 3d,,, 210.7
eV Jb i 5 N> AR, T 76 Hoth 3 Ffvfit fk 55
1 Nb JCE 1 3d 35 Al LILA B 4~ 14, Nb 3ds),
206.4 ~206.7 eV F1 Nb 3d,,209.1 ~209.5 eV 4bf#
U 155 9 +4 #y Nb.

e 4 R AT AL R0 2R 18 2% T 3R I 0 A8 4 Akt
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oA AT WL AR, (EF A S B LA, %
SR SRR 0,-TPO (Fig. 7) HAT—£k. 1t
Hb, SHADL 3 FEfLHIAHLL, S2-1 89 Mo, V. Nb 3
MICR B AR W A2 5%, X AT RE
s S2-1 AL B A B e IR 2 —. 1
AR, 7EAIKIATE ] % MoVTeNbO fiEAL 7 1Y
WA, B CTAB MIBCA 51 CA RIS INA L 2
XHEAGTALES Y . FER i BURIE S = A i, b 2
MR R Mo, V A1 Nb 3 Fh & IT RIS
oA

F4 AR CAFMEHENEANETEZNESH

Table 4 The distribution of elements valence in catalysts prepared with different amounts of CA

Surface oxidation state content /%

Surface
composition Mo** Mo® V3 AN A Te* Nb* Nb**
MO/V/TG/Nb /Momtal /Momtal /Vmul /Vmul /Vmul /Te,, 1 /Nblolal /Nblolal
S2 1/0.02/0.40/0.10 38.34 61.66 - 75.52 24.48 100 100 -
S2-1 1/0.01/0.21/0.11 - 100 100 - - 100 58.8 41.2
S2-2 1/0.01/0.25/0.06 13.04 86.96 41.75 - 58.25 100 100 -
S2-3 1/0.02/0.15/0.05 - 100 56.67 43.33 - 100 100 -

AL, TR R B R BUR, A A R
WG TERL R 2, AR T SO 835 1L 5 38 Y FL 2
A T B A= R BRI AL, B 1R TR EE R
e, Rm T AA BYREFRNE, 3X5 N, R/ R G
ELRMB—E L5 EPg, n(CA)/n(Mo) X HELH]
ML TR REA B R 2, 24 n (CA)/n(Mo) g
0.36 i, Rl S2-1 AL X M — 2 S L HAT R4
ML PERE, AA IUHCR IR 45.8%.

3 #it
TEME G0 K 44 o 1 S b b, 3 3ok 9 A )

CTAB FIBCH 7 CA 732 A9 MoVTeNbO fiEALF],
LA /N Hiy—, #EAePEREsR =, WisT LRt
53.9% &5 E 65. 7% , NIHBRICR H 33. 1% #5
#41.3%. F34k, BRG] CTAB # A, Mol
A n(CA)/n(Mo) H, 7E n(CA)/n(Mo)=
0.36 i}, MoVTeNbO HEALF o FLAKAEAL TR,
HARSINAE, FLREEDY 2 ~ 12 nm, P04
4.9 nm, BAFKKHRIR(37.8 m*/g) FkL
NEHEAR TR AL CREARFE L 10 ~ 16 nm) , AT
AR R EALTERETR 2 T4 . 5 FOW H TRy
W— A, IRTRACR AT 2 45. 8% .
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Preparation of High Specific Surface Mesoporous MoVTeNbO
Catalyst and Its Catalytic Properties

LI Shuang-ming ">, SHI Qian-fei ', XU Lei-lei ', ZHANG Jie ', MA Jing-shu ',
LI Wen-xiu""*, YU San-san'" > *
(1. College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China;

2. Key Laboratory of Chemical separation technology of Liaoning Province, Shenyang University of Chemical
Technology, Shenyang 110142, China)

Abstract: MoVTeNbO catalysts were prepared by hydrothermal method with template agent cetyl trimethyl ammoni-
um bromide (CTAB) and complexing agent citric acid (CA). The prepared catalysts were then applied to one step
oxidation of propylene to acrylic acid. The results showed that the morphology, pore structure, specific surface area
and catalytic performance of the catalysts were significantly affected by the amount of CA. The mesoporous and
nano MoVTeNbO catalyst with average pore size of 4.9 nm, larger specific surface area of 37.8 m’/g and smaller
catalyst grain size of 10 ~ 16 nm was obtained at n(CA)/n(Mo) of 0.36. Compared with conventional catalysts
prepared by hydrothermal method, the catalytic performance of the mesoporous and nano MoVTeNbO catalyst was
superior. When it was used for one step oxidation of propylene, the propylene conversion could be increased from
53.9% 10 71.2% , and the yield of acrylic acid could be increased to 45.8% .

Key words: propylene; MoVTeNbO catalysts; citric acid; mesoporous nanometer; acrylic acid



