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Abstract

Pyrolysis technology can be used for producing biochar and bio-oil simultaneously, as an effective
and sustainable mean to produce renewable bioenergy and a carbon rich soil amendment that can
be used for carbon sequestration and agronomic benefits. However, pyrolysis products yields and
biochar stability are strongly affected by the feedstock and pyrolysis variables, especially the final
temperature. This study was carried out to evaluate the effect of pyrolysis final temperature on
biochar stability after thermochemical oxidation. For this experiment, two species of hardwood and
two species of softwood with particle size between 0.5 and 2.0 mm were pyrolized at five different
final temperatures (350, 400, 450, 500 and 550°C) for 60 min at an muffle furnace with limited
supply of O,. Thermochemical oxidation was performed for the solid products (biochar). As
pyrolysis final temperature increased, biochar stability increased as well, indicating that these
materials would be more resistant to degradation when applied into soil.

Introduction

Biochar is highly resistant to thermal, chemical and photo-oxidation," and because of this
recalcitrance, its incorporation into soil is an important mechanism for carbon (C) sequestration.? 3
High-temperature aerobic oxidation® > reactions with strong chemical oxidants,® have shown that
biochar can be abiotically oxidized over short periods of time. As biochar is present in soil as
particles of very small size of mostly below <53 um,' oxidation may first begin on particle
surfaces.” Oxidation of such particles may lead not only to mineralization of this highly stable form
of organic C in soil, but may create negatively-charged surfaces, consequently leading to greater
cation exchange capacity (CEC) and nutrient retention in soil® ° that contribute to a higher fertility
after biochar application. Additionally, biochar recalcitrant aromatic structure ensures the
sustainability of this fertility."® However, the functionality of biochar in soil and the response of
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soils to biochar inputs are poorly understood. The need for methods to characterise and quantify
functional attributes of biochar in soil is clear and, given the range of products potentially created,
these must also be rapid and repeatable, whilst in some way reflective of processes occurring in
field soil.™* The aim of this study was to perform thermochemical oxidation of biochar produced
from hardwoods and softwoods at different pyrolysis final temperatures in order to predict their

stability when applied into soils.
Material and Methods

For this experiment, two species of hardwood (Eucalyptus dunnii and Eucalyptus urophylla) and
two species of softwood (Pinus caribaea and Pinus taeda) with particle size between 0.5 and 2.0
mm were pyrolized with a heating rate of 10 °C.min™ at five different final temperatures (350, 400,
450, 500 and 550 °C) for 60 minutes at an muffle furnace with limited supply of O, adapted with
Liebig condensers to collect the condensable gases in order to obtain the bio-oil. Thermochemical
oxidation was performed at the University of Edinburgh as part of the Toolkit that has been
developed by the United Kingdom Biochar Research Centre to enable a rapid and systematic
screening of biochar properties. This process consists in milling the samples in order to enhance
physical exposure, put them in test tubes, apply chemical oxidant and keep them in an oven under
periodic agitation. Elemental analysis is performed in biochar before and after (residue)
thermochemical oxidation in order to calculate the stable fraction, as the percentage of C remaining
in the residue.

Results and Discussion

In this study, as pyrolysis final temperature increased, the percentage of C remaining after
thermochemical oxidation (Stable C) showed by the elemental analysis, increased as well, for both
hardwoods (Eucalyptus dunnii and Eucalyptus urophylla) and softwoods (Pinus caribaea and
Pinus taeda) as shown in Figure 1 and 2. Although, the stable C percentage for both softwoods was
always higher when compared to both hardwoods. This might be due to the higher content of lignin
that is usually reported for softwoods when compared to hardwoods.'?> Compared to cellulose, lignin
has a higher carbon content and therefore should lead to a higher carbon yield, combined with lower
mass loss, as lignin is more stable to degradation.*® ** > Cheng et al. (2006) studying oxidation of
black carbon by biotic and abiotic processes showed that abiotic oxidation was found to be more
important for the creation of negative surface charge and CEC than biotic oxidation.™® It is now
important to perform an accurate analysis of biochar chemical structure (for example NMR **C) in
order to evaluate the changes that occur during thermochemical oxidation for each species used in
this study for a better understanding of the level of oxidation.

Conclusions

As pyrolysis final temperature increased, biochar stability (considering the percentage of C
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remaining in biochar after thermochemical oxidation) increased as well, indicating that these
materials would be more resistant to degradation when applied into soil.
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Figure 1. Percentage of carbon remaining after thermochemical oxidation for hardwoods a)
Eucalyptus dunnii and b) Eucalyptus urophylla.
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Figure 2. Percentage of carbon remaining after thermochemical oxidation for softwoods c) Pinus

caribaea and d) Pinus taeda.
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