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Highly-Dispersed NiO Nanoparticles on SBA-15 for Oxidative
Dehydrogenation of Propane to Propylene
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(State Key Laboratory of Physical Chemistry of Solid Surfaces, National Engineering Laboratory for Green Chemical Productions
of Alcohols, Ethers and Esters, Department of Chemistry, College of Chemistry and Chemical Engineering, Xiamen University,
Xiamen 361005, Fujian Province, P. R. China)

Abstract: A series of NiO/SBA-15 (wv0o=20% ) catalysts were prepared by impregnating SBA-15 with an
aqueous solution of nickel nitrate followed by calcining under three different atmospheres. The resulting
materials were studied with regard to the oxidative dehydrogenation of propane (ODHP) to propylene.
Compared to the catalysts calcined under either static or moving air, the NiO/SBA-15-NO catalyst calcined
under flowing 1% NO/He (Vio/Vie=1:99) atmosphere demonstrated greater activity for this reaction at low
temperature. Propylene yield of ~13% with propane conversion of ~29% was obtained at 350 °C and the
propylene selectivity remained at about 45% even when the reaction temperature was raised to 450 °C.
X-ray diffraction (XRD), transmission electron microscopy (TEM), H.-temperature program reduction
(H--TPR), and O,-temperature program desorption (O.-TPD) characterizations were used to investigate the
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intrinsic differences between these NiO/SBA-15 catalysts. It was found that NiO species in the catalyst
calcined under 1% NO/He atmosphere were highly dispersed inside the mesopores of SBA-15. With the
increasing of NiO dispersion on the support, the quantity of NiO species with a reduction temperature
above 450 °C increased significantly. In addition, the density of O species on the catalyst calcined under
1%NO/He was much higher than that in the case of the other two samples. These factors are responsible
for the superior performance of the NiO/SBA-15-NO catalyst for the ODHP reaction over the temperature

range 350 to 450 °C.
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Fig.1

ODHP performance of the NiO/SBA-15 catalysts calcined under different atmospheres

C: conversion, S: selectivity, Y yield; catalysts calcined under static air, flowing air, and flowing 1%NO/He (Vxo/Vie=1:99) mixture are denoted as
NiO/SBA-15-Air(S), NiO/SBA-15-Air(F), and NiO/SBA-15-NO, respectively. reaction conditions: m(catalyst)=0.10 g, gas hourly space velocity
(GHSV)=12000 mL-g™"-h™", M(C;H)/V(O,)/V(N,)=1:1:4; the data were collected after 30 min on stream;

ODHP: oxidation dehydrogenation of propane

A B

J\ ¢ M. R, N
5 S
s /L\_; s
= o 2 b
s C
] L
£ a £

N :

SBA-15
1 2 3 4 35 45 55 65
20/ (°) 20/ (°)

2 REISFHEEE NIO/SBA-15 L FIHY /)N A3 (A)FA3E 1 (B) XRD
Fig.2 Small-angle (A) and wide-angle (B) X-ray diffraction (XRD) patterns of the NiO/SBA-15 catalysts calcined
under different atmospheres
(a) NiO/SBA-15-Air(S); (b) NiO/SBA-15-Air(F); (c) NiO/SBA-15-NO
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Table 1 Physical properties and X-ray photoelectron
spectroscopy (XPS) results of SBA-15 and the NiO/SBA-15
catalysts calcined under different atmospheres

Sample Seer/(m*-g™) Vy/(em’+g™) Dew/nm  ny/ns*
SBA-15 650 0.91 5.7 -
NiO/SBA-15-Air(S) 358 0.47 5.4 0.056
NiO/SBA-15-Air(F) 408 0.59 5.4 0.100
NiO/SBA-15-NO 443 0.60 5.1 0.027

* Ni/Si molar ratio of the samples calculated from XPS results
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AL TR T 1 Ni/Si Fi(F 1), B ok 5045 5T 4, Nio/
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A
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(dv/dD) / (cm®g~"-nm-")

Volume adsorbed / (cm3-g-")

D/nm

0 10 20 30 40

0.0 0.2 0.4 06 0.8 1.0
p/p,

3 SBA-15FIRES G e8I NiO/SBA-15 BI7L1Z 53 75 (A)F0 N, R Bii- it BT 258 4% (B)
Fig.3 Pore size distribution (A) and N, adsorption-desorption isotherms (B) of SBA-15 and NiO/SBA-15 catalysts calcined
under different atmospheres
(a) SBA-15; (b) NiO/SBA-15-Air(S); (c) NiO/SBA-15-Air(F); (d) NiO/SBA-15-NO
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4 FESHFEELNIO/SBA-15#{LFIE TEM B F

100 nm

Fig.4 Transmission electron microscopy (TEM) images of the NiO/SBA-15 catalysts calcined under different atmospheres
(a) NiO/SBA-15-Air(S); (b) NiO/SBA-15-Air(F); (c) NiO/SBA-15-NO
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Fig.5 H,-temperature program reduction (H,-TPR)

profiles of the NiO and NiO/SBA-15 catalysts calcined
under different atmospheres
(a) NiO; (b) NiO/SBA-15-Air(S); (c) NiO/SBA-15-Air(F);
(d) NiO/SBA-15-NO
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Fig.6 O,temperature program desorption-mass
spectrum (O,-TPD-MS) profiles of the NiO and NiO/
SBA-1S5 catalysts calcined under different atmospheres
(a) NiO; (b) NiO/SBA-15-Air(S); (c) NiO/SBA-15-Air(F);
(d) NiO/SBA-15-NO
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