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Physisorption of bio oil nitrogen compounds onto
montmorillonite †

Maisa Vuorte, a Susanna Kuitunenb and Maria Sammalkorpi *ac

We assess computationally the adsorption of a series of nitrogen containing heterocycles and fatty acid

amides from bio-oil on a model clay surface, Na-montmorillonite. The adsorption energies and

conformations predicted by atomistic detail molecular dynamics (MD) simulations are compared against

density functional theory (DFT) based molecular electrostatic potentials (MEP) and Hirshfeld, AIM, Merz-

Singh-Kollman, and ChelpG charges. MD predicts systematically adsorption via cation bridging with

adsorption strength of the heterocycles following purine 4 pyridine 4 imidazole 4 pyrrole 4 indole 4

quinoline. The fatty acid amides adsorption strength follows the steric availability and bulkiness of the

head group. A comparison against the DFT calculations shows that MEP predicts adsorption geometries

and the MD simulations reproduce the conformations for single adsorption site species. However, the

DFT derived charge distibutions show that MD force-fields with non-polarizable fixed partial charge

representations parametrized for aqueous environments cannot be used in apolar solvent environments

without careful accuracy considerations. The overall trends in adsorption energies are reproduced by

the Charmm GenFF employed in the MD simulations but the adsorption energies are systematically

overestimated in this apolar solvent environment. The work has significance both for revealing nitrogen

compound adsorption trends in technologically relevant bio oil environments but also as a

methodological assessment revealing the limits of state of the art biomolecular force-fields and

simulation protocols in apolar bioenvironments.

1 Introduction
Biofuels, that is, fuels derived from e.g.vegetable oils, animal fats,
starch, waste biomass, or microbial biomass, are an environmen-
tally more sustainable alternativ e to traditional fossil fuels. In
comparison to fossil fuels, bio fuel alternatives result in a reduction
of CO2, hydrocarbons, and particulate matter emissions. Addition-
ally, bio fuels rely on energy from relatively recent carbon fixation,
which further decreases net carbon emissions to the environment.
Diversification of biofuel sources from traditional food agriculture
commodities and e�orts to reduce involved land usage has led to
rising interest in biomass of marine origins. 1,2 Especially algae

biomass appears promising because of its high growth rate, e�cient
carbon dioxide fixation, high biomass production rate, and elevated
oil yield. 3…5

The composition of biofuels depends strongly on the spe-
cific biomass used as feedstock and the chemical processes
employed in conversion to biofuel. 5…9A particular feature of
algae derived bio-oils is their elevated nitrogen compound
content, 5…10 wt% of algae bio-oils procured through
pyrolysis.1,4,10 These nitrogen compounds need to be removed
from the oil for its use as a clean fuel, as well as to ensure
optimal processing and shelf-life of the bio-oil. High concen-
trations of nitrogen containing compounds are problematic
due to contamination of the catalyst, and the formation of NO x

and N2O compounds during combustion of the bio-oil in fuel
usage. These function as greenhouse gases, contribute to the
depletion of the ozone layer, and have a role in the formation of
acid rains and photochemical smog. Hence, denitrogenation is
important in bio-oils refining. The nitrogen removal is com-
monly achieved via selective adsorption of nitrogen compounds
from the rest of the oil onto the active sites of an adsorbent
substrate, such as activated carbon,11,12 silica…alumina11 or
metal-exchanged zeolites.11,13,14 The adsorbent may later be
regenerated for reuse through solvent washing or thermal
treatment.14
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