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Torrefaction is a mild thermal process in default of air. It typically

occurs between 250 and 300°C, during a few tens minutes to

several hours at atmospheric pressure. Under these conditions,

biomass releases volatile matter, including gas, mainly CO and

CO2, and condensable species, such as water, acetic acid or

formaldehyde. The main fraction of biomass is converted into a

torrefied solid, whose properties get closer to coal. As shown in

Figure 1, the torrefied solid has darkened colour, lower hydrogen:

carbon and oxygen: carbon ratios, higher energy content,

hydrophobic nature and better mechanical properties in terms of

grindability and flowability. It is therefore a very good energy

carrier suitable for combustion or gasification.

The TG-GCMS facility shown

in Figure 2 enables to get in

one single experiment

information on solid mass loss

as well as on condensable

species formation versus time

and temperature.

Figure 2. Picture of the TG-GCMS device

Figure 1. Wood chips raw and torrefied at different temperatures
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WHAT IS TORREFACTION?  

TG-GCMS EXPERIMENTS
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OBJECTIVE OF STUDY AND APPROACH

MOBILE FLIP project aims at developing mobile and flexible

process lines. Thus the objective of the study here presented is to

evaluate the flexibility of torrefaction process versus various

European biomass types and the resulting products quality for

different applications.

To achieve this goal, a model is being developed to predict

torrefaction behaviour versus biomass type and operating

conditions of temperature and solid residence time. The concept

relies on the description of biomass as the sum of its

macromolecular constituents, namely cellulose, hemicelluloses

and lignin. To set up this approach, experimental data are

obtained both on raw materials and their extracted constituents in

a thermobalance coupled to a gas chromatography mass

spectrometer (TG-GCMS). The model is then validated on

experiments carried out in a lab-scale torrefaction unit called

TORNADE and in a pilot scale torrefaction unit called

CENTORRE. The products obtained can finally be tested as

energy carriers in combustion or gasification and also in a more

innovative way, as soil amendment, repellent or particle board

filler.

PRELIMINARY RESULTS & CONCLUSIONS

The TORNADE facility has been

specifically designed to close mass

balances, including solid, gas and

condensable yields.

TORNADE EXPERIMENTS

WHAT’S NEXT?

Experimental campaigns are under progress to develop the

model and then get enough products for quality evaluation.

The results obtained will serve for the design and optimization

of the demonstration unit, as well as the process assessment.
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Indeed, while sample mass –typically initially of 100 mg - is

continuously recorded in the thermobalance during the test, 16

samples are collected of the volatiles emitted at different times

and stored in heated loops for further analysis in GCMS.

As shown in Figure 3, the reactor is

made up of a cylindrical aluminum

crucible and placed inside the

isothermal zone of a furnace.

During the experiments, a N2 flow

is preheated and then enters the
Figure 3. Scheme of TORNADE facility

As shown in Figure 4, the TG-GCMS results obtained on different

extracted celluloses tend to show that there are clear differences

among biomass types regarding condensable species formation

and that the mechanisms involved vary according to volatile

species. This will result in various products yields and quality

when different biomass types are used and will therefore require

process adaptation in terms of operating conditions.

Figure 4. Formation of 3-furaldehyde and 2-butenal versus temperature for extracted 

celluloses of several biomass types 

bottom of the reactor through a porous media. A mass of around

200 mg of sample is placed on the crucible and weighed before

and after experiment. At the top of the reactor, gas and

condensable species go through a heated line to a Fourier

Transformed Infra Red (FTIR) analyzer. Then, the condensable

part is collected in vessels placed in two cooling baths, that are

weighed before and after experiment. The liquid is then analyzed

through GCMS and GCFlame Ionization Detector (FID).


