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Results

The next steps:
‐ The mechanism could still be improved to better reproduce experimental gas

production and species evolution.
‐ Interactions between biomass components may delay their decomposition; additional

reactions could be introduced to account for this phenomenon.

Objectives: Implement competitive mechanisms from literature, building on previous work [2], and
adapt them to experimental data for cellulose, xylan, lignin, and pine at different heating rates.

Mass conservation equations:

Momentum conservation equations:

Energy conservation equation:

Solid phase

Solid phase

Gas phase

The general form of a chemical mechanism composed of 𝑁𝑠 species 𝑆𝑖 and 𝑁𝑟 reactions:

The total mass production rate for a species 𝑖 due to all reactions considered is given by:

With the species molar fraction:With the Arrhenius law:
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Chemical kinetic equations:

Wood pyrolysis: Thermal degradation of wood without oxygen. Can be used for energetic purposes, or to produce
molecules of interest. Decomposition and products quantities depend on the composition and heating conditions:

PATO: (Porous material Analysis Toolbox based on OpenFOAM) [1] Models pyrolysis with parallel and simplified
reactions. Does not capture the competitive nature of the reactions. Does not allow gas fraction prediction.

Strategy: Ranzi’s mechanism from 2017 [3] with the improvements added on cellulose [4].
Calibration and modification of the original mechanism to better fit the experimental results.
Simulations of a small particle in TGA oven (set heating rate, homogeneous temperature).

Tannins, water, sap…
Other

Lignin

Hemicellulose

Cellulose

3 types: C-rich, 
O-rich, H-rich

2 types: Xylan and 
Glucomannan

Main constituent in wood

Pine pyrolysis with heating rates
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The following graphs show the evolution of mass fractions during pyrolysis for different wood components at three heating rates.
The initial solid fraction (hatched) decreases with temperature as new species are formed: intermediate solids, trapped gases
(circle markers) that are subsequently released from the solid matrix, and finally gases and non-condensed tars (solid colors).

NB: Although pine hemicellulose is mainly composed of glucomannans, xylan was used as a model compound because no
suitably pure glucomannan was commercially available.

Implementation of competitive mechanism allows tracking the evolution of 50+ species during pyrolysis, showing heating rate 
effects on product distribution. Calibration and adaptation of the original mechanism improve the prediction of solid evolution.

New developments:
‐ Competitive mechanisms were successfully implemented and validated against

benchmark software in 0D configurations to verify the chemistry.
‐ The energy equation was validated in a 0D test case against an analytical solution.
‐ 1D and 2D-axisymmetric simulations can now be coupled with the solid deformation

solver recently developed [5]. Simulation times range from a few seconds to a few
minutes.

‐ The mechanism was adapted to improve agreement with experimental solid residue
evolution as a function of temperature.

‐ The Arrhenius parameters (E, A, and n) were chosen to remain consistent with
values reported in the literature and in a previous study [6].
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Chemical 
mechanism:

Can you spot it?
The original mechanism parameters have been chosen to better represent wood pyrolysis, whereas this 
work has been calibrated on the individual components !
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