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1. Introduction

Direct synthesis of acrylic acid by selective oxidation of propane has been intensively studied 

during the last decade with the objective to replace the current 2-step process starting from propene.

MoVTeNb oxide has been identified as the most promising catalyst for activation of propane 

in this reaction[1]. The mixed oxide mainly consists of two orthorhombic phases, 

Mo7.8V1.2NbTe0.937O28.9 and Mo4.31V1.36Te1.81Nb0.33O19.81, reported in the literature as M1 and 

M2, respectively[2]. The M1 phase is active in propane activation, while M2 is active and 

selective in oxidation of propene to acrylic acid. Correlations between phase composition and 

catalytic properties are discussed controversially[3-4]. A symbiosis of the two phases could be 

responsible for high catalytic performance[5]. 

The focus of this work is on the investigation of microstructure, bulk and surface properties of 

single-phase M1 catalysts to understand the functionality of the propane activating phase.

2. Results

Mild hydrothermal conditions were applied for synthesizing single-phase M1 mixed 

MoVTeNb oxides. As starting materials ammonium heptamolybdate, telluric acid, vanadyl 

sulfate and niobium oxalate were used. The gel was prepared by mixing the aqueous solutions 

of the chemicals with a Mo/V/Te/Nb atomic ratio of 1/0.25/0.23/0.124. After hydrothermal

treatment at 175ºC during 48 h in an autoclave made of Hastelloy, the dark blue slurry 

obtained was filtered, washed and dried for 16 hours at 80 °C. Starting from the 

nanocrystalline precursor (Fig.1), phase-pure M1 was obtained in a reproducible way by heat 

treatment in N2 at 600 or 650 °C, either with or without previous calcination in air at 275 or 
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Fig.1. XRD patterns: (a) precursor,  (b) activated catalyst, 
(c) catalyst after reaction 

Fig.2. HRTEM image of a-b plane of 
M1 phase 

325°C, as shown by XRD (Fig. 1) and HRTEM (Fig. 2). The resulting specific surface area 

depends on the activation conditions and varies from 0.5 to 4 m2/g. The bulk composition of 

the crystalline M1 is already reflected in the precursor showing a fairly homogeneous 

microstructure, as proven by EDX analysis. The Nb content based on the metals (20%) is 

significantly increased compared to the Nb content in the reported structural analysis of the 

M1 phase (9%)[2], indicating that niobium is not 

exclusively located in the pentagonal 

bipyramidal positions of the structural 

model. A depth profile of the single-phase M1 

material was analyzed by XPS applying 

different excitation energies, corresponding to a 

depth of 1 nm (surface) or 3 nm (bulk), 

respectively. The measurement was 

performed at room temperature under 0.3 mbar O2. Compared to the bulk, the upper fraction 

of the analyzed layer is considerably enriched in vanadium at the expense of niobium. With 

respect to molybdenum and tellurium, no concentration 

gradients between surface and bulk were observed.

The M1 structure was stable under the conditions of 

partial oxidation of propane to acrylic acid. Catalytic tests 

of different single-phase M1 materials were carried out in 

a high throughput reactor. The feed was composed of 

propane/ oxygen/ nitrogen/ steam in a molar ratio of 

0.85/1.9/15.2/12. A GHSV of 1200 h-1 and a reaction 

temperature of 400 °C were applied. All single-phase M1 

catalysts are characterized by similar intrinsic catalytic properties.
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