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Selective Oxidation of Ethane over SBA-15 Mesoporous Zeolite
Supported Vanadium-Based Oxide Catalysts

LIU Jian ZHAO Zhen® ZHANG Zhe XU Chun-Ming DUAN Ai-Jun JIANG Gui-Yuan
(State Key Laboratory of Heavy Oil Processing, China University of Petroleum, Beijing 102249, P. R. China)

Abstract: A series of SBA-15 supported vanadium oxide (V/SBA-15) and K-modified vanadium oxide (K-V/SBA-
15) catalysts with different active components were prepared by incipient-wetness impregnation. The structures of the
catalysts were characterized using N, adsorption, low angle X-ray diffraction (XRD), UV-Vis diffuse reflectance
spectroscopy (UV-Vis DRS) and UV-Raman spectroscopy techniques. Their catalytic performances for the selective
oxidation of ethane were also investigated. The results showed that SBA-15 was a better support for the catalyst system
than SiO, for the selective oxidation of ethane to aldehydes. The SBA-15-supported low loading catalyst was a highly
dispersed catalyst system and the SBA-15 supported K-V samples with low loading (ny:ng<5.0:100) had ordered
hexagonal mesostructures. For the V/SBA-15 and K-V/SBA-15 catalysts, isolated vanadyl species with tetrahedral
coordination are determined to be the active sites for aldehyde formation at very low vanadium loading (ny:ng<<0.1:
100). The polymeric vanadyl species with octahedral coordination and the microcrystalline vanadium oxide constitute
the active sites for the oxidative dehydrogenation or deep oxidation of ethane when the loading of vanadium is higher
than 2.5:100.
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Fig.1 Comparison of ethane conversion over pure
silica gel and SBA-15 as a function of reaction
temperature
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Table 1 Performance of ethane selective oxidation over pure silica gel

TIK Ethane Product selectivity (%)

conversion (%) CO CO, CH, C.H, HCHO CH,CHO CH,CHCHO
698 0.7 21.0 45.9 0.0 0.0 33.1 0.0 0.0
723 0.8 26.7 37.7 0.0 10.2 25.4 0.0 0.0
748 1.4 22.2 25.4 0.0 20.4 31.9 0.0 0.0
773 2.0 26.6 20.4 0.0 28.9 24.0 0.0 0.0
798 3.5 28.2 17.8 0.2 324 21.4 0.0 0.0
823 5.5 25.8 13.6 0.3 40.3 20.1 0.0 0.0

*®2 7ESBA-15 EMZ IRk EEM IR

Table 2 Performance of ethane selective oxidation over pure silica SBA-15
TIK Ethane Product selectivitiy (%)

conversion (%) Cco CO, CH, C.H, HCHO CH,CHO CH,CHCHO
673 2.6 22.7 40.7 0.0 3.4 18.4 14.8 0.0
698 4.8 29.2 45.6 0.0 3.6 14.6 7.0 0.0
723 9.6 32.6 45.5 0.0 4.1 12.9 4.9 0.0
748 14.3 38.1 47.3 0.1 4.7 8.4 1.4 0.0
773 19.2 39.6 42.4 0.1 6.2 5.5 5.6 0.6
798 279 39.3 33.0 0.3 10.2 14.2 2.7 0.4
823 36.8 44.4 30.6 0.5 13.0 6.7 4.3 0.6
848 57.0 45.3 25.0 1.1 17.8 6.6 3.9 0.3
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Fig.2 Ethane conversion over the catalysts of SBA-15
supported vanadium with different loading amounts
as a function of reaction temperature
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J&F V—O0—V i ) V—O B 45 ik 50, 485
em™ B IIR BN T V—O By thiR 3h. Ui
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Fig.11 UV Raman spectra of K-V/SBA-15 catalysts
with different V loadings

ng:ny-ng=1:x:100

O BE e B F AL I Y, SBA-15.V/SBA-15 FlI
K-V/SBA-15 {& R HA7AE = Fp A [RIME AL P BE A9 4 1k
RIS R HAARTRRER S SAEY A
FIF A 2 (ODH) LA K A7 Il F TR B 484k, RIVER AR
FIHEARPERE BTG PE E A FE TS TS TE A B Y
if e, N % & V/ISBA-15 fil K-V/SBA-15 4k 5] |
FER R PR R FARE.

fift 2R 01T D S5 SR SR G 2 A v/
SBA-15 Fll K-V/SBA-15 #¥ iy 2% [ £l & 9 F 19 A 5L
F-Bt. 22 3 90 T SCHk[17-2213508 19 £ 4h-7] WO
B FALA DR JE G L. X T AL AR KT 0.25:
100 [ V/SBA-15 {4 AL 5 A KT 1.0:1001
K-V/SBA-15 f#4b 71, H: UV-Vis Y3 H 2 B H 300
nm 2 g, IS 98 FELFE 275-330 nm 2 [H],
EHPBEE N VO, 05 V@ Z Al i B T4 %
T A, U T DU T A R B S A VO, LA
Bl SR KT 0.25:100 ) V/ISBA-15 {4k 7
FALEE KT 1.0:100 A9 K-V/SBA-15 fiEt fb77], H
UV-Vis Y&t AN H LB H 300 nm (1 0% Y 1%, iF 78
400-600 nm Y IMISCHT, 3K —3 73 MR U & T2
L1 V.05 B 45 F4 1 3R A i B A8 Ak A B HLA N

F3 HEZEIM-ATRXAEDHRYLERE

Table 3 Assignment of the absorption by vanadium oxide species in the UV-Vis region

A/nm Assignment Reference
600-300 d-d transition of V* in a distorted octahedral symmetry [17]
400-600 polymeric vanadate with an energy band structure similar to V,O; [18]

V* in octahedral environment [19]
330 V" in a tetrahedral environment, isolated vanadyl species [18,20-22]
380-420 polymeric vanadate, V** in tetrahedral environment [20-22]
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AL VB 1, 76 380—420 nm FY W IS D) U]
J& T3 B VU AR A B A P Rl R B R p
WEAG B 25 %) DU TRTAS I 2 4544, XA RA LA
ANV TR A P A5 45 4 1 AL AR R AR 2544, TRD s 3 mT RE AT
FEIX P 2 B Bl 22 8] A 3 RS, BIAT N kT
IRBLAOL Z5 P — A B FP . 5P S tE
B, LR R OM0.1:100 1Y SBA-15 $HER AL ILAE 1L
TR T AR IR v B G AR B Y, LR RS
LU UA Rl R B 2 5 A R G LA, L2
LT 2B LV,05 1Y AR SE F

B FH 2% AR A16.(0.06:100) B, V/SBA-15 Fl K-
V/SBA-15 AL F XA A PR 5 i, AP R
ST I 2 R AL A2 2 e B AR A I Y

AR T 2 ot B A A RE TN A 25 Sk
F, PUN R BARET, USG5 K-V/SBA-15 i
A TR TR M B 11 S B P 8 o, 150 B A TR AT SR A
FH, AH R TGS 15 LA B, B A0 PE 28 A (R A,
P R LR FE | TR AT, 150 I B i A B
AR R A P AN LA 0 2R i R 4 T
TR B AL AR A & A A L & P A iU 1
FH. a3 e Bt 2 LA $H 28 1 A AR 136 B 2 0 ik
PRVEBEF PUTE 10 A 2% p 38 i e PR R . 72 2
YA SN P, V—O—V 45 H Ho B B 1A
B L KR PR AR AT R S L R AR R
V/SBA-15(ny:ng=0.06:100)f# L7 I, 2 bt A Ak 5
WX 2 ks R S R4l SBA-15 EARIT. SR, 7E
HABEEEME VISBA-15(nying=5:100)#EALH] |,
CIGE PR AL TN Hp T 20 B BRI FL 4l SBA-15
A TIRZ.

3 & it

(1) AL B 1 VISBA-15 AL I XF 2 ke 1Y
BERE AL S Y, AR 2R (nv/ns < 0.1:100) At
AT BRARZRTHTE 18, 1 1o B 43 T o 25 T Pk S 45 7
PR X6 8 2157 0 )3 B T 2 o,

(2) FEM I A AL 35 2 1) K-V/ISBA-15 fiffL
FUXF 2 J5e 0 o3 Tk B A A S N, XA H 2
(NT 0.25:100)9 V/SBA-15 #4L ], S5, K-
V/SBA-15 A 1 2 ot S AL T 1 2 5 ZE RN
FHZ 5 (0.06:100-0.75:100) ) V/SBA-15 fiEfL5 I,
IR I RS T A e R I 1 1.

(3) ¥R T V/ISBA-15 Fll K-V/SBA-15 # 4L F7E
PEYIFP 5 5 I O Bk PR A AL PR BRI G &R . SBA-
15 FHEM AR B P AL Y i AR LA b 3
DA BUAAR S AEAE, SBA-15 AR A FLAEFIATIIR
A5 DAORARE. A A 700 2 T 5 32 0 BP0 P 87 2354
FE R AT P RSB REN FL oIt 3R 10 R R T IR
Ak A RS f A RS Y AE PR, T 2R
A EAIFIAT F bk B A e A 2 & Ak
“.
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