High Pressure Microgram Scale Studies of Fast-Hydropyrolysis and Catalytic Hydrogenation of Biomass and Related Model Compounds

Abstract
[bookmark: _GoBack]Biomass is a major source of renewable carbon which can be converted to hydrocarbon fuel via fast pyrolysis and catalytic upgrading, with the aim of reducing the dependence on fossil based sources. The H2Bioil process was proposed as an integrated, high pressure fast hydropyrolysis (FHP) and catalytic vapor phase hydrodeoxygenation (HDO) pathway for utilizing biomass to produce high energy density fuel. In this dissertation, FHP and HDO studies were conducted in a microgram (~100-900 g) feed pyrolyzer, equipped with a downstream fixed bed catalytic reactor, with the aim of developing a fundamental understanding of the reaction pathways and optimizing the process parameters to maximize the carbon recovery from biomass. A unique design was developed for online sampling (via GC-MS) of vapor phase products under high hydrogen pressure (up to 35 bar), which allowed identification and quantification of the vapor phase products with a mass balance of >90%.
For catalytic hydrodeoxygenation, model compound studies were utilized to develop an understanding of the reaction pathways and study the effect of catalyst composition and hydrogen pressure. Complete deoxygenation was obtained for both model compounds, levoglucosan (~72% yield C4+ hydrocarbons) and dihydroeugenol (98% yield C9 hydrocarbons) with a Pt-Mo (ratio 1:1) bimetallic catalyst supported on multi-walled carbon nanotubes (MWCNT) at 100% conversion. In order to elucidate the role of Pt and Mo, the Mo:Pt ratio was varied in the range of 0:1 to 5:1. For dihydroeugenol, an increase in Mo content was shown to favor the hydrodeoxygenation selectivity to C9 hydrocarbons, and with levoglucosan also it resulted in an increase in the C-O scission selectivity, thereby increasing the yield of C4+ hydrocarbons (from 17% to 74%). These results demonstrated the importance of Mo as an oxophilic promotor, for decreasing the C-C scission and increasing the carbon recovery towards liquid fuel range hydrocarbons (C4+). Based on model compound studies, the 5%Pt2.5%Mo/MWCNT catalyst was tested as a candidate catalyst for studies with cellulose, xylan, lignin, and intact biomass (poplar, pine, and maize) pyrolysis products. For Poplar, >69% yield to hydrocarbons, with >41% yield to liquid fuel range (C4+) hydrocarbons, was obtained at 300°C and 25 bar hydrogen pressure. Hydrogen pressure played a critical role during HDO, and a decrease in the hydrogen pressure, from 25 bar to 1 bar, decreased the yield of  C4+ hydrocarbons by ~10% (down to >31% yield) due to increased C-C bond scission. Further studies showed that the cellulose and xylan fractions underwent more C-C bond scission than the lignin, primarily due to the stability of the aromatic structure of the lignin pyrolysis products. However, a decrease in the hydrogen pressure resulted in an increased yield of aromatic hydrocarbons (up to ~14% yield), which were chiefly derived from the lignin fraction of the biomass. These trends were replicated in the lab-scale fast-hydropyrolysis and catalytic HDO reactor, demonstrating the capability of this microgram scale semi-batch reactor system to identify candidate catalysts and optimize reaction parameters to maximize the carbon recovery from biomass to fuel grade hydrocarbons.



