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Table 1 Oxidative dehydrogenation of EB in the presence of CO,on the catalysts at 550 C

EB conversion Selectivity (% ) ST yield TOF
Catalyst a1
(%) Styrene Benzene Toluene (%) (pmolymol ~ V)
3 VO,/SBA 57.3 97.2 1.4 1.4 55.6 4.74
12 VO,/SBA 70.3 96.0 1.5 2.5 67.5 1.45
20 VO, /SBA 74.1 95.7 1.4 2.9 70.9 0.92
30 VO,/SBA 65.6 95.6 1.7 2.7 62.7 0.54

Reaction conditions: WHSV =1.04 h ™! , CO,: EB=10: 1, time-on-stream =1.0 h
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Table 2 Characteristics of the supported vanadia catalysts

SBF,T V,. v density UV-vis edge energy* Coke
Sample 5 .
(m’g™") (em’g™") (10" m™*) (eV) (mg,ga)
SBA-15 610 0.85 0 - -
3 VO,/SBA 564 0.83 0.35 3.18 54.7
12 VO,/SBA 448 0.63 1.77 2.88 148.8
20 VO,/SBA 329 0.59 4.02 2.34 90.9
30 VO,/SBA 224 0.44 8.87 2.16 95.3
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Fig. 1 Diffuse reflectance UV-vis spectra of SBA-15-
supported vanadia catalysts
(a) 3 VO,/SBA-15; (b) 12 VO,/SBA-15;
(¢) 20 VO,/SBA-15; (d) 30 VO, /SBA-15
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Fig.2 XRD patterns of V-containing catalysts
with different V loadings( * , V,0;)
(a) 3 VO,/SBA-15; (b) 12 VO,/SBA-15;
(¢) 20 VO,/SBA-15; (d) 30 VO,/SBA-15
A R RTLIE Y, 24 V0,5 /0T 20% 1)
HEALFRIFE 10 ~70° WA BV, O5 B R IEAT 5 0,
UEHHPLTE SBA-15 AR M = B8, 24 V.00
HIAF] 30% mf, BT V,0 AARIERT ST, 1iH
MPE R R, R EZELL V,0, MIRIE 7
TE. XRD RAEZE RS UV-vis #£F. XFF CO, 4T
< 28 &R L, B AR R Y IE M R 2
VTS OXRD RARLE SRR, BA B R LS
PEY 20VO0, /SBA-15 {4 FAFTEE i 531U e vk
JERRTEI RN, 31X A] B H AR I S A T 1 1) Dt
Hz—.
B3 25 T ANEELE 5 VO,/SBA-15 4465
i) NH,-TPD . MEIH ] LIE H, 3V0,/SBA-15 fi#
B HAE 140 °C A —4> NH, I3 FA 04, I e Xof i
— PSS IR L. SRR E] 12% DL BT,
ALY NH,-TPD B 7E 200 C 3 T — 80
INH [ JJ58 B 068, 1H 0 6T 1 — 7l A X6F 458 i 1) 1R 17 vh

O B YU ASE N, 55 WL 1Y e 1f B a% i
IJE R R T HCB R 14 55 B 02 Y W B A, R

NHs desorption (a.u.)
® Eff

1 1 1 1
100 200 300 400 500
Temperature(<C )

] 3 NI AL ) NH,-TPD %]
Fig. 3 NH,-TPD profiles of V-containing catalysts
with different V loadings
(a) 3V0,/SBA-15; (b) 12 VO,/SBA-15;
(¢) 20 VO_/SBA-15; (d) 30 VO,/SBA-15
F Lorentzian #4575 X] NH,-TPD ik i 47 £ 144
BB, SRS TR 3. K3 ATLLEH, M4
TR E] 20% B, 55RO itk B R RE, PLE
ARSI F] 30% B, 55RO A AR XTI L. i
P A R 1) TR A ) 0 T R L % o 1 345 o 4
2. NH,-TPD U (1) 5 T AR A AN &5 2 1) 35 in S % i 1
TG R MPUE Rk E] 20% B, ik F KA.
Bl 4 & N J5 AR A4 6 390 7 TPO [ B I

398°C

387°C

-
=
< 400°C' a
S
Té
o0 C
‘%
o
9]
421°C b

%

1 1 1
300 400 500 600
Temperature(<C )

4 st i fEAEsR R TPO [
Fig. 4 TPO profiles of coked catalysts
( dehydrogenation of EB at 550 C for 4 h)
(a) 3 VO,/SBA-15; (b) 12 VO,/SBA-15;
(¢) 20 VO,/SBA-15; (d) 30 VO,/SBA-15
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Table 3 Results of NH,-TPD experiments over the catalysts

T, (°C) Area (a. u.)
Catalyst

1 I I I

3 VO./SBA 133 0 1.55 0
12 VO,/SBA 141 203 2.15 1.05
20 VO,/SBA 134 186 3.43 1.48
30 VO,/SBA 147 190 0.65 3.29
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Vanadium Oxide Supported on Mesoporous SBA-15
as Highly Selective Catalysts in Oxidative
Dehydrogenation of Ethylbenzene with Carbon Dioxide

XIANG Bin, YU Chang-lin, XU Heng-yong , LI Wen-zhao
(Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China)

Abstract: A series of vanadium oxide supported on mesoporous SBA-15 catalysts for oxidative dehydrogenation of
ethylbenzene with carbon dioxide were prepared and characterized by BET, UV-vis, XRD, TPO and O,-pulse. The
optimal content of vanadium oxide is 20% . 74. 1% of ethylbenzene conversion and 95. 7% of styrene selectivity
were obtained (reaction conditions; T = 550 °C, WHSV =1.04 h™', CO,: EB =10; 1). The superior perfor-
mance of the 20VO_/SBA-15 catalyst could attribute to the higher surface, high acidity and lower carbon content of
the catalyst.

Key words: Ethylbenzene dehydrogenation; Supported vanadium catalyst; SBA-15; Styrene; Carbon dioxide



