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Introduction 

Due to the continuing depletion of fossil resources and the increasing environmental 

concern with CO2 emission from fossil fuel, bio-oil from thermal cracking of biomass is 
attracting attention as an alternative liquid fuel.  Bio-oil is composed of a complex mixture of 

oxygen-containing compounds including hydroxyaldehydes, hydroxylketone, sugars and 

dehydrosugars, carboxylic acids, phenolic compounds and water [1].  The oxygen content of 
the bio-oil can be as high as 10–45 wt% [2] which leads to undesirable properties such as low 

energy density, thermal and chemical instability, high acidity and immiscibility with 

conventional hydrocarbon fuels [1,3].  Consequently, oxygen removal is required to upgrade 
bio-oil to hydrocarbon fuel.  Hydrodeoxygenation (HDO) is a hydrotreating process using 

high-pressure hydrogen to remove oxygen (heteroatom) out of oxygenated compounds from 

bio-oil.  The objective of this work is to explore and understand hydrodeoxygenation of 

guaiacol over mono- and bimetallic phosphide catalysts.  

 

Materials and Methods 

Metal phosphide catalysts were prepared through direct thermal treatment of 

mechanical mixture of metal chloride precursor and sodium hypophosphite [4]. 
Hydrodeoxygenation of guaiacol was carried out in a horizontal micro-reactor.  The reactor 

was charged with 0.1 g catalyst and 5 g of guaiacol in solvent (typically 0.20 mol/L in decalin).  

The sealed reactor was purged and pressurized to desired pressure with hydrogen. The reactor 
was then rapidly submerged in a fluidized sand bath at 300◦C.  The liquid product was 

analyzed qualitatively using Shimadzu GC/MS and quantitatively using GC/FID. 

 

Results and Discussion 

 

Table 1 Guaiacol conversion and product selectivity in the HDO over phosphide catalysts. 

Conversion/ 
Selectivity(%) 

CoP/FS NiCo(0.25)/FS NiCo(0.5)P/FS NiCo(0.75)P/FS Ni2P/FS 

 Conversion 55.0 61.9 74.6 74.1 65.1 

Cyclohexane 30.2 61.2 85.3 78.3 75.2 

Cyclohexene 14.5 0.0 0.0 0.0 0.0 

Benzene 9.9 15.6 6.3 8.1 6.7 

Methoxybenzene 14.0 13.8 4.4 4.9 5.4 

Dimethoxybenzene 1.9 1.2 0.3 3.8 5.5 

Phenol 29.6 8.2 3.7 5.0 7.2 

Table 1 shows the conversion and product distribution from HDO of guaiacol with 

various metal phosphide catalysts.  In noncatalytic experiment, the conversion of guaiacol did 
not occur at this reaction condition.  Comparing the fumed silica-supported catalyst, Co2P/FS 

gives the lowest conversion of 55% while Ni2P/FS affords higher conversion of 65%.   

 

 
Figure 1. Guaiacol conversion and selectivity of cyclohexane with NiCoP/FS as a function of 

Ni/(Ni+Co) atomic ratio at 300C, 300 psi, 30 min. 

 

The addition of Ni to Co phosphide catalyst further promoted the guaiacol 
conversion up to 74.6% with cyclohexane selectivity increasing from 30.2 to 85.3 mol% at a 

Ni/(Co+Ni) atomic ratio of 0.5, as shown in Figure 1.  This result indicates that Ni and Co 

have synergistic effect toward higher catalyst activity.   

 

Significance 

Metal phosphide catalysts show high catalytic activity for hydrodeoxygenation of 
guaicol.  The activity based on the conversion of guaiacol followed the order:   NiCoP/FS > 

Ni2P/FS > Co2P/FS, indicating a synergetic effect of combining Ni and Co in the bimetallic 

phosphide catalyst. 
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