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Abstract 
     Catalytic hydrodeoxygenation (HDO) of phenolic components was performed in both 
a liquid-phase operated reactor in down-flow trickle-bed mode and as a fully gas phase 
operated fixed bed reactor in plug flow mode. The general performance and the kinetic 
behaviour of the same Mo oxide and (oxy)-carbide catalysts was compared. Functionalized 
mono-aromatics, represented by anisole (-OCH3) and phenol (-OH), were used as model 
compounds because they adequately represent the most stable fraction of lignin derived 
products in fast pyrolysis oil. Thus, the challenge of achieving deep oxygen removal of bio-
oils was major focus.  

A series of Mo oxides and carburized analogues supported on zirconia was prepared, 
tested and characterized. The MoO3/ZrO2 precursor oxide, itself being a reference catalyst 
(loadings of 7, 12 and 19wt.% Mo), was prepared first and subsequently transformed, at two 
levels of severity in a H2/CH4 mixture, aiming to establish hybrid oxy-carbide and carbide 
rich phases, respectively. A state-of-the-art (SoA) reference material was prepared in-house, 
i.e. an Al2O3 supported oxide material with elemental composition of Co (3.7 wt.%) and Mo 
(15 wt.%) similar to conventional hydrotreating catalysts. The SoA was applied directly in its 
non-sulphide state. The catalysts were typically subject to a pre-reduction at 623 K prior to 
reaction.   
    In gas phase processing the temperature was typically varied between 573 and 633 K 
in a space-time range from 120 to 200 kgcat s mol-1 anisole, with 50 mol mol-1 inlet molar ratio 
of H2 to anisole at a constant total pressure amounting to 0.5 MPa. For the liquid processing 
mode the temperature was varied between 573 and 648 K in the space-time range 100 - 1500 
kgcat.s.mol-1 at a total molar ratio of H2 to liquid component of 97 and 109 mol mol-1 for 
phenol and anisole, respectively, and a pressure of 6 MPa.  
     Catalytic functionality and reactions pathways are evaluated. Mo oxide was observed 
to be most dominantly present and also exhibited the highest activity in both processing 
modes. Liquid HDO was seemingly most efficient for oxygen removal from anisole, 
providing a higher selectivity to benzene and lower levels of side products at a comparable 
conversion. Side products included cresol, toluene, phenol, etc. For this case, the difference in 
selectivity also indicates a higher H2 efficiency potential. A stabilizing conversion over ca. 
100 hours TOS was observed in gas phase processing mode.  

Catalysts were characterized by a number of standard and advanced techniques, N2-
BET (surface area), CO-chemisorption, ICP-OES, XRD, TPR, XPS, (S)TEM-EDX (EELS), 
combustion-IR and the data obtained correlated to kinetic performance. 
 


