Applied Catalysis A: General 425-426 (2012) 53-61

journal homepage: www.elsevier.com/locate/apcata

Contents lists available at SciVerse ScienceDirect

Applied Catalysis A: General

Mn-Na;WO,4/Si0,, as catalyst for the oxidative coupling of methane. What is

really known?

S. Arndt?, T. Otremba?, U. SimonP, M. Yildiz?, H. Schubert®, R. Schomicker?*

a Technische Universitdt Berlin, Institut fiir Chemie, StrafSe des 17. Juni 124, 10623 Berlin, Germany
b Technische Universitit Berlin, Institut fiirr Werkstoffwissenschaften, HardenbergstrafSe 40, 10623 Berlin, Germany

ARTICLE INFO ABSTRACT

Article history:

Received 20 October 2011

Received in revised form 2 February 2012
Accepted 27 February 2012

Available online 6 March 2012

Mn-Na,WO0,4/SiO, is one of the very few catalysts for the oxidative coupling of methane, whose stability
over extended times on stream has been reported by different research groups. The high stability turned
Mn-Na,WO04/SiO, into an object of research, despite the rather complex composition and structure. The
nature of the active site or the active phase is unclear, in spite of the research on this catalytic system.

This manuscript tries to critically summarize the literature on this system and to discuss the available
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information about the relationship of structure and activity.
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1. Introduction

There are large resources of natural gas, rivaling those of crude
oil [1]. Currently, natural gas is underutilized, as there are no feasi-
ble ways to convert large amounts of CHg, the main component of
natural gas, into value added products [2]. The oxidative coupling
of methane (OCM) to C;Hg or CyHy is a possible reaction (see Eq.
(1)), which has received a lot of attention since the fundamental
works of Keller et al. [3] and Hinsen et al. [4].

CHy + 105 — GoHg or CoHy +H,0 (1)

The reasons are, that the oxidative coupling of methane is a
direct and exothermic process, therefore not limited by any ther-
modynamic constraints. Moreover, the products are C; compounds,
a vital building block in the chemical industry with an expectedly
increasing demand. However, until now no economically viable
process has been put into practice despite all efforts [5-9]. The rea-
sons are a lack of active, selective and in particular stable catalysts.

Abbreviations: C,, ethane +ethylene; Cy., ethane +ethylene + higher hydrocar-
bons; DFT, Density Functional Theory; EDX, Energy Dispersive X-Ray Spectroscopy;
EPR, Electron Paramagnetic Resonance; GHSV, gas hourly space velocity; IR,
infrared; OCM, oxidative coupling of methane; TPD, Temperature Programmed Des-
orption; XAFS, X-ray absorption fine structure; XRD, X-Ray Diffraction; XPS, X-Ray
Photoelectron Spectroscopy.
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Furthermore, the thermodynamically favored reaction is the total
oxidation of CHy, as shown in Eq. (2).

CH4 + 20, — CO, + 2H,0 (2)

In the search for a suitable catalyst, hundreds of materials have
been tested in the past [6,5]. The stability of possible OCM cata-
lysts was often not reported and it is therefore doubtful in many
publications. A prominent example is Li/MgO: in many publica-
tions it was either reported to be a stable catalyst or information
and experiments on the stability were neglected [10,11], and ref-
erences therein. Recently, it has been shown that Li/MgO suffers
from an intrinsic instability, prohibiting any practical application
[10,12].

The Mn-Nay;WO0O,/SiO, catalyst was first reported by the group
of Li [13,14], unfortunately these two publications are in Chinese.
However, this catalyst has a remarkable stability under the high
temperatures required for the oxidative coupling of methane. This
fact has been confirmed by different research groups [15-19].
Moreover, the catalytic performance (CH4 conversions of 20-30%
at G, selectivities of 70-80%) is suitable for a practical application.

Since Mn-Na,WO0,4/SiO, is one of the very few suitable
OCM catalysts, the existing literature is summarized in this
manuscript with focus on the structure-activity relationship,
completing and updating two review articles from the catalyst’s
inventor Prof. Li from 2001 and 2003, respectively [20,21]. The main
aim of this manuscript is to critically summarize and discuss the
published results, contributing to unraveling the structure-activity
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