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Characterization of Products from Fast and Isothermal 

Hydrothermal Liquefaction of Microalgae
Faeth, J.L. (University of Michigan); McKenna, A.M. (NHMFL, ICR); Jarvis, J.M. (NHMFL, ICR) and Savage, P.E. (Pennsylvania State University, University of Michigan)
Introduction

Hydrothermal liquefaction (HTL) of algae is a biomass conversion process that yields “biocrude” oil, water-soluble compounds, gases, and solids. In this study, biocrude and aqueous samples were analyzed with a custom-built 9.4 T Fourier transform ion cyclotron resonance mass spectrometer at the NHMFL ICR facility.
Results and Discussion


This study provides the first FT-ICR MS characterization of the aqueous phase and biocrude products from fast HTL of microalgae. FT-ICR MS analysis revealed that biocrudes from fast HTL contain several compounds with no N but 3–7 O atoms. These compounds are likely free fatty acids and/or oligomerized or polymerized fatty acids. All O-containing compounds present in the biocrude from isothermal HTL (identified using positive ESI) also contain N, possibly indicating that isothermal HTL provides ample time for reactions between O-containing compounds and N-containing compounds (likely including the formation of amides from carboxylic acids with organic amines or ammonia). However, analysis by negative ESI revealed many compounds with 2 O atoms and no N atoms in the biocrude samples from all three reaction conditions, which likely indicates that reactions between N- and O-containing compounds do not consume all fatty acids, even after isothermal HTL.
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Fig.1 Heteroatom density graph for biocrude samples (positive ESI). Several compounds with no N atoms are present in the biocrudes from fast HTL, but all compounds in the biocrude from isothermal HTL contain at least 1 N atom (after analysis by positive ESI). It is possible that the compounds with no N and 3–7 O atoms identified in the biocrude samples produced via fast HTL are polymerized fatty acids with varying levels of oxygenation. Since none of these compounds are present in the biocrude produced via isothermal HTL, it is likely that the extended reaction time facilitated reactions of fatty acids and/or polymerized fatty acids with amino acids, ammonia, or other N-containing compounds.












