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Introduction 

Whole-biomass processing by hydrothermal liquefaction (HTL) has emerged as a forerunner for wet biomass conversion. Here, we utilize the internationally unique resources of the FT-ICR MS user facility at the National High Magnetic Field Laboratory, to present a side-by-side comparison of the composition of a petroleum crude, a shale oil and HTL biocrudes from three feedstocks – with data collected on one of the world’s most advanced mass spectrometry platforms. 
Experimental 

Biocrude samples were obtained from the hydrothermal liquefaction of pine, Chlorella sp., and sewage sludge performed at Pacific Northwest National Laboratory (PNNL). Biocrude samples were prepared using bench-scale, continuous process equipment. Samples were analyzed with a custom-built 9.4 T Fourier transform ion cyclotron resonance mass spectrometer at the national FT-ICR MS user facility at the National High Magnetic Field Laboratory.  Data collection was facilitated by a modular ICR data acquisition system (PREDATOR). Data were analyzed and peak lists generated with PetroOrg© software.
Results and Discussion


Ultrahigh resolution Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) reveals that HTL biocrudes are compositionally more similar to shale oil than petroleum crude oil and that only a few heteroatom classes (e.g., N1, N2, N1O1, and O1) are common to organic sediment- and biomass-derived oils. All HTL biocrudes contain a diverse range of oxygen-containing compounds when compared to either petroleum crude or shale oil.  Overall, petroleum crude and shale oil are compositionally dissimilar to HTL oils and >85% of the elemental compositions identified within the positive-ion electrospray (ESI) mass spectra of the HTL biocrudes were not present in either the petroleum crude or shale oil (>43% for negative-ion ESI). Direct comparison of the heteroatom classes that are common to both organic sediment- and biomass-derived oils shows that HTL biocrudes generally contain species with both smaller core structures and a lower degree of alkylation relative to either the petroleum crude or the shale oil. 
Conclusions

This analysis provides a clear and objective view of HTL biocrudes in a context that informs researchers in both the petroleum/refining industry and biomass processing research fields with respect to possible integration of HTL-derived materials as an amendment to petroleum refinery streams. In addition, this is the first report of the detailed chemical composition of sewage sludge- and clean-pine derived HTL biocrudes.
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