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Replacing coal-tar pitch in carbon anodes with a binder derived from biomass is an active research
topic. The development of such a binder, known as bio-pitch, could help the aluminium industry
in reducing its carbon footprint. However, this technology has not yet been demonstrated on an
industrial scale. Bio-pitch is produced through the upgrading of wood pyrolysis oil (bio-oil), either
by heat treatment or distillation. More knowledge about the mechanisms of bio-oil upgrading is
required to produce binders that meet industrial requirements. In this work, we analyzed the
volatiles evolved during the heat-treatment of bio-oil up to 250 °C. The temperature, mass loss,
and composition of the volatiles were monitored simultaneously using a thermogravimetric
analysis setup coupled with a quadrupole mass spectrometer. Time series data was collected on
ion abundance for mass-to-charge ratios of 1-150. The data was deconvoluted using principal
component analysis, to reconstruct the mass spectra of desorbed species and link them with their
emission profiles. It was found that a group of water-rich compounds, containing acids and
oxygenates, starts vaporizing around 100 °C, and that another group of compounds containing
heavier molecules can be detected after reaching 150 °C. This information could be used to fine-
tune bio-oil heat-treatment processes.

Keywords: Carbon anodes, Bio-pitch, Mass spectrometry, Thermogravimetric analysis, Principal
component analysis.

1. Introduction

The term “bio-pitch” designates a solid, thermoplastic material, originating from the pyrolysis of
biomass. It is usually obtained after upgrading of the pyrolytic oil, or “bio-0il”, which is, along
with biochar and biogas, a coproduct of biomass pyrolysis [1]. There has been interest in recent
years into considering bio-pitch as a potential substitute for coal-tar pitch in pre-baked anodes [2].
Such a substitution could potentially reduce the fossil CO, emissions associated with coal-tar
pitch production, anode baking and carbon consumption in electrolysis cells [3]. However, this
technology is not currently ready for industrial production.

Reports about lab-scale anodes made with bio-pitch state a baked apparent density similar [4] or
slightly inferior [5] to that of coal-tar pitch-based anodes, similar electrical resistivity [4], and
slightly higher air and CO, reactivities [4]. Bio-pitch contains oxygenated compounds which
make its chemical composition much different from that of coal-tar pitch, the latter containing
mainly heterocyclic and polycyclic aromatic hydrocarbons [6]. The presence of oxygenated
compounds in bio-binders hinders mesophase formation, causing the baked microstructure to be
isotropic with a low L. [4, 7]. In addition, the oxygenated compounds are volatilized during
baking, leaving behind a low fixed carbon content or low coking value product [4].
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Anode paste needs to be mixed and formed at a temperature higher than the softening point of the
binder, but the binder needs to solidify at room temperature to facilitate handling of the anodes.
Upgrading of bio-oil to bio-pitch is done to remove water and relatively light compounds and
give the binder the desired thermoplastic properties. Upgrading can be done by heat
treatment [4, 7], vacuum distillation [8], or flash distillation [9]. The upgrading conditions, mainly
time and temperature, control the softening point, the coking value and the viscosity of the binder
as well as its wettability to calcined petroleum coke. However, these properties are interrelated
and difficult to tune independently [8].

The optimal temperatures reported for bio-oil upgrading are close to 180 °C. Ideally, a higher
heat-treatment temperature would be needed to increase the coking value, but a higher
temperature causes cross-linking of oxygenated functional groups, and a corresponding increase
of viscosity and loss of thermoplastic properties and wettability to coke [10]. A more detailed
understanding of heat-treatment kinetics could help to fine-tune the heat-treatment conditions and
ultimately obtain better quality binders.

In this work, a bio-oil sample is put in a reactor and subjected to simulated heat-treatment
conditions. The mass loss is monitored continuously with an analytical balance, while the evolved
volatiles are analyzed with an online quadrupole mass spectrometer. Deconvolution of the time
evolution of mass spectrometry data with principal component analysis reveals insights on the
volatile evolution kinetics.

2. Materials and Methods
2.1 Bio-Oil

The bio-oil used in this work was produced by vacuum pyrolysis [11] of spruce wood chips
(Pyrovac, Saint-Lambert-de-Lauzon, Québec, Canada). The bio-oil has a water content of
18 wt.% and an oxygen level of 30.5 wt.% (dry basis) [12].

2.2 Test Setup and Test Conditions

The reactor, Figure 1, comprises a vertical steel cylinder inside a vertical tube furnace (3210
Series, Applied Test Systems, Butler, PA, USA). The top of the cylinder is closed by a blind
flange which contains two type K thermocouples and an open hole. On top of the setup, there is
a box in which the volatiles coming out of the hole in the top flange are extracted. A balance with
a precision of £0.01 g (Model ML802T, Mettler-Toledo, Greifensee, Switzerland) is placed on
top of the box. The sample (8 g) is put in a glass test tube in a wire mesh basket suspended on a
hook under the balance via a steel rod that passes through the hole in the top flange of the cylinder.
The weight is recorded continuously on a computer through a USB connection.

A connection on the side of the vertical steel cylinder is used as a continuous sampling point. The
sample is brought to the spectrometer via a capillary transfer line, heated to 300 °C to prevent
volatile condensation throughout the process. The sample is analyzed at 30 s intervals for mass-
to-charge ratios (m/z) between 1 and 150 with a quadrupole mass spectrometer (Calypso DS, In
Process Instruments, Bremen, Germany). The spectrometer is equipped with an electron impact
ion source, a Faraday cup and an electron multiplier. Air or argon is injected through a connection
at the bottom of the cylinder and is controlled to 5 L/min with a mass flow controller (SLA5850S,
Brooks Instruments, PA, USA). It should be mentioned that the upgrading of bio-oil to bio-pitch
is normally done in air. The tests in Ar were done to determine if there was any reaction between
air and bio-oil.
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could potentially achieve this by fine-tuning the heat-treatment conditions, for example by
modulating the heating rate or adding isothermal steps. The results also did not show a significant
effect of the amount of oxygen in the atmosphere on the kinetics of heat-treatment, hinting that
conducting the heat-treatment in air is a sound approach. Nevertheless, the results shown in this
work are qualitative. It was not possible to determine the mass lost with each of the groups of
compounds. More detailed studies would be required to further improve the heat-treatment
conditions.

5. Conclusions

In the present work, we used a coupled thermogravimetric—mass spectrometric setup to study the
volatiles emitted during the heat-treatment of bio-oil to bio-pitch. It was shown that two groups
of compounds are volatilized at different temperatures during the heat-treatment of bio-oil to bio-
pitch. The first group is rich in water, acids and other oxygenated compounds with molar mass
<75 g/mol and boiling points of 100 °C to 150 °C (PC2). It starts evaporating around 100 °C, and
evaporation peaks around 200 °C. The second group (PCl) contains heavier oxygenated
compounds (> 75 g/mol) with boiling points higher than 160 °C. Vaporization of those
compounds starts around 150 °C, and most likely peaks slightly higher than the maximum test
temperature.

The presence of oxygen in bio-binders has undesirable effects, such as limiting the achievable
coking value of the binder. Since the compounds in PC2 have higher oxygen content than those
in PC1, a possible strategy to improve the quality of binders would be to design new heat-
treatments to maximize the removal of oxygen in PC2, while keeping as much carbon as possible
in the binder, by minimizing volatilization of PC1. The methodology proposed in this paper can
help these further developments by monitoring the vaporized species in a high level of detail.
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