Applied Catalysis A: General 435-436 (2012) 51-60

Contents lists available at SciVerse ScienceDirect

Applied Catalysis A: General

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

Comparison of alumina- and SBA-15-supported molybdenum nitride catalysts
for hydrodeoxygenation of guaiacol

I. Tyrone Ghampson?®P, Catherine Sepilveda¢, Rafael Garcia€, J.L. Garcia Fierro9,
Nestor Escalona®*, William J. DeSisto 2:¢-**

2 Department of Chemical and Biological Engineering, University of Maine, Orono, ME 04469, United States
b Unidad de Desarrollo Tecnolégico, Universidad de Concepcién, Casilla 4051, Concepcién, Chile

¢ Universidad de Concepcion, Facultad de Ciencias Quimicas, Casilla 160c, Concepcién, Chile

d Instituto de Catalisis y Petroquimica, CSIC, Cantoblanco, 28049 Madrid, Spain

¢ Forest Bioproducts Research Institute, University of Maine, Orono, ME 04469, United States

ARTICLE INFO ABSTRACT

Article history:

Received 10 April 2012

Received in revised form 23 May 2012
Accepted 25 May 2012

Available online 4 June 2012

The hydrodeoxygenation of guaiacol (2-methoxyphenol) has been studied in a batch reactor over
alumina- and SBA-15 silica-supported molybdenum nitride catalysts at 300°C and 5 MPa of hydrogen
pressure. The catalysts were prepared by nitriding supported Mo oxide precursors with ammonia gas
or nitrogen-hydrogen mixtures via temperature-programmed reaction. The alumina-supported cata-
lysts had a higher activity relative to the SBA-15 silica-supported catalysts which was essentially due
to catechol production, an effect of the alumina support. The SBA-15 silica-supported catalysts trans-

ﬁ;{iv:gcrlif):xygenation formed guaiacol directly to phenol by demethoxylation without noticeable catechol production. On both
Alumina supports, nitridation by ammonolysis increased the activity by a factor of ~1.1 relative to nitridation
SBA-15 by nitrogen-hydrogen. On SBA-15, ammonolysis preferentially produced the y-Mo;N phase while the
Nitride N3/H, mixture produced the 3-Mo,Ng7s phase. The incorporation of Co led to a marginal improvement
Oxynitride in exposed Mo species but generally had a diminishing effect on HDO activity. The lack of catechol pro-
Catalyst duction using the SBA-15 silica support is important in minimizing coking reactions and also opens up

possibilities for utilizing silica supports with highly controlled pore sizes to possibly influence product
distribution in HDO of more diverse feed streams derived from biomass conversion processes.
© 2012 Elsevier B.V. All rights reserved.

in bio-oils, because of its propensity for coke formation, and also
because of its intransigence to deoxygenation [2]. Several of the
studies have reported that the HDO activity and selective trans-
formation of guaiacol to phenol is distinctively influenced by the
nature of the support [3,4]. Catalysts supported on alumina (Al,03)
displayed higher activity compared with alternative supports such

1. Introduction

The removal of oxygen from biomass-derived oils through
catalytic hydrodeoxygenation (HDO) is receiving considerable
attention because of its potential as feedstock for the production
of fuels and value-added chemicals. Most of the initial studies on

HDO reactions have been conducted over metal sulfides supported
on alumina [1,2]. However, recently there have been significant
efforts on the development of catalysts, based on new or modified
supports and new active phases, with minimal hydrogen consump-
tion and high selectivity toward direct oxygen removal [1]. Guaiacol
(2-methoxyphenol) has commonly been used as a model com-
pound for the HDO studies because it is known to exist significantly
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as silica and carbon owing to higher dispersion of the active phase
[3]. However, alumina-supported catalysts suffer from coke for-
mation which limits the lifetime of the catalyst [3]. The benefits
of using silica and carbon supports lie in the minimal coke forma-
tion and greater selectivity toward phenol production over catechol
[3].

Interests in exploring non-sulfided catalysts for HDO have
increased due to issues related to contamination of the feed by
the sulfiding agent [5,6]. Novel active phases such as metal nitrides
have been shown to be an effective catalyst for HDS [7] and HDN [8]
reactions. However, only a limited number of studies have reported
their performance for HDO reactions. Recently, Monnier et al. [9]
reported activity on y-Al,O3-supported Mo, W, and V nitride cat-
alysts for HDO of oleic acid and canola oil. In a recent study, we
demonstrated high activity and rapid demethoxylation of guaiacol
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