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ABSTRACT

This work presents an innovative experimental dewionceived to characterize the time-dependentvimghaf
hygroscopic materials, as wood, at controlled rooéstontent and temperature. This device, the WA\Ermits the
determination of the viscoelastic properties of gs, using harmonic tests at frequencies varyiomf5.10° Hz to
10 Hz. Conceived to work up to 5 bar, it allowstsds dry or water-saturated conditions to be penfd over the
temperature range 0°C to 140°C. In spite of thesere working conditions, the careful device desiggether with a
rigorous data analysis, allows a rigorous detertionaof the storage and loss modulus and the las®if. The results
collected for several species of wood emphasizeathiity of the WAVE to underline the influence of numerous
parameters, namely specie, material direction,cemiaal and macromolecular structure, on the rheécédgroperties
and notably on the softening temperature. The WAMEo establishes a efficient tool to follow thedifizations of
the constitutive amorphous polymers of materiatsstted to hydrothermal treatments, in relatiorthte evolution of
their viscoelastic properties.

1 INTRODUCTION

In comparison with quasi-static methods, harmorests represent a more efficient technique to
characterize viscoelastic properties and glasssitians of materials. Their major advantage is ¢twer
several decades of time independently of tempexatumtrol. In addition, this method allows the
viscoelsatic behavior to be distinguished from otefects encountered with wood, such as ageing or
growth stress recovery. Consequently, numerous aooiah DMA apparatus using this forced non-
resonance technique are available. They typicaliyecwide ranges of frequencies (1@ 200 Hz for the
most successful), and are most of the time fittetdad a hot/cold chamber. However, large discrefgmnc
are often observed among data obtained by diffedgnamic mechanical analyzer, different analysis
methods, or even different laboratories using idahinstruments (Pournoor and Seferis, [1], Hagkeal.,

[2]). A number of mechanical factors, like mechaihimertia (resonance frequency), specimen geometry
and size, clamping effects may influence the respiitdynamic mechanical analysis. Actually, all resd

of geometry (flexion, traction, shear, compressigmroposed by commercial apparatus exhibit bias due
to imperfect clamping and sample geometry. To makeass these problems, the DMA apparatus apply
correction factors to extract the viscoelastic prtips of samples from the raw data. These cowecti
factors are fitted for isotropic material, becatisis type of device is intended for classical padym In
comparison to these products, materials of vegetabhins, such as wood, present specific features,
namely anisotropy and hygroscopicity. The formepiisblematic concerning the corrections factors and
the latter is particularly important because waterecognized to act as very efficient plasticizer
hygroscopic materials.

Therefore, in the case of wood, the control of thenidity is absolutely required during dynamic
mechanical analysis. Very few DMA apparatus do Hawmidity control, and even so, it is very diffittd
keep the same moisture content of wood when thedemture changes. Notice that the moisture content
variations, like drying, may cause collapse andhmao-sorptive effects. One way to avoid these prabl

is to proceed in a temperature-controlled wateh.b@he only apparatus which have the possibility to
immerse the samples in fluid can only controlleel thmperature up to the boiling point of the liquttht

is to say up to near 100°C for water.

Even so, an improved knowledge of the rheologicaperties in water-saturated conditions above 100°C
is essential to develop and optimize the processirtgmanufacturing of wood and raw vegetable mederi
(drying, wood forming, thermal treatment, veneemng pressing, wood gluing and so on...).

For all these reasons, the wood rheology team &MAB developed an original experimental device,
WAVE', able to perform dynamic mechanical tests of waader water-saturated conditions and high
temperature (up to 140°C with the present versidf)VE' stands for Environmental Vibration Analyzer
for Wood.
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2 DESCRIPTION OF THE WAVE '

The WAVE' is able to determine the evolution of the viscetaproperties of samples with regard to
temperature: 5 to 140°C, frequency: 5°10 10 Hz and stress level: 0.01 to 4 MPa. It cosesr a test
bench, a complete chain of vibratory analysis amdraditioning room, which allows the immersion and

the temperature control of the sample during expentation (Fig. 1).
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Figure 1. The WAVE device.

The entire system, composed of the sample holtersolicitation system and the sensors, is
positioned in a pressurized conditioning room. ®pscific chamber allows the sample to be immeised
water at a temperature level reaching 140°C whilntaining mild conditions around the electronic
apparatus (temperature near 20°C and relative htymaicbund 10%). To carry out the sample solicitati
and accurately measure the force and the defleatiom-airtight communicating areas exist between th
two compartments.This conditioning system, desdribeFig.1, is patented (Placet and Perré, [3]).

In spite of these severe working conditions, afgirecautions were carried out in order to ensure
the relevance of the system and to allow a rigordetermination of the viscoelastic properties. The
harmonic force is applied to the sample using ai-stiaker. In most commercial instruments, the force
applied to the sample is deduced from the inputai¢p the electro-magnetic coils of the driver.our
device, a miniature load cell is used to measueeattual force. As additional advantage, a feedbami
was built with suitable PID parameters, so the dapplied to the sample perfectly follows the gatwr
signal. In this way, it is possible to apply thesided sinusoidal force at very low frequency levédsts
have been performed successfully at 1 mHz. The bwligation is indeed the time required to get
experimental data. To ensure rigorous mechanicasarements, a specific articulated clamp was dedign
to apply a pure vertical force without any momenttonthe sample and without any vertical play.
Therefore, a pure single cantilever configurat®wolbtained. Finally, in order to avoid any disturba due
to the clamp area, the deflection measuremensgodiated from the load system.

To keep the advantages of these experimental pienaugreat care was taken to collect, treat,
and analyze the raw data. The viscoelastic paraméséorage modulus E’, loss modulus E” and loss
factor tad) are determined taking into consideration of thecraoscopic dimensions of the samples at
20°C, the measured force and deflection, and tleseluifference. The relevance of the measurements
mostly depends on how accurately the phase differean be obtained. In particular, the method shoul
be able to withdraw the experimental noise leviisTs why an inverse method was chosen to exthét
phase difference over several periods of the sidaksignals. Moreover, to correct or reject meaments
done close to the resonance frequency, an andlytiodel was developed (Fig. 2.). It allows the ghas
change due to the inertia of all moving parts, daenping effects (water and rubber membrane of the
shaker) and the frame stiffness to be dissociated the sample properties.

All the operations are controlled by a softwarealeped in Visual Basic, which automatically
pilots the different apparatus and uses a DLL me@Dlynamic Link Library) written in Fortran to id&fy
the parameters. This application also includesath@ytical model. The operator has just to keyhe t
desired experimental protocol and to retrieve tie ¢ontaining the treated data at the end of the
experiment.
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Figure 2. Diagram of the comprehensive model andanstitutive equations

3 SOME RESULTS

The accuracy of this apparatus has been tested stamdard samples of polymer. For measurements
performed on wood samples, a comparative study w&itbommercial DMA apparatus allowed the
advantages of WAVEto be confirmed (Placet [4]).

Several measurement campaigns have been performedarious wood species using the WAVE
apparatus (Placet and Perré, [5,6]). Results redeal transition in the vicinity of 70 °C to 105°C
depending on the wood species, the wood direciodsthe frequency (Fig.3a). This transition istexdato
the glass transition of lignins, one of the thregimconstitutive polymers of wood (Olsson and Samé
[7]). In these tests, it is expected that the tenaipee level solely acts as a mean of activatiorthef
viscoelastic properties. Nevertheless, other tgmgormed at constant temperature over severatshou
proved that the temperature also alters the maites#df. Contrary to what is generally expectdus teffect

is significant from 100°C (Fig.3b).
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Figure 3. Evolution of the viscoelastic propertissa function of temperature (a) and time (b) ft o
samples, in water saturated conditions and radietion.

4 CONCLUSIONS

During the two last years, by collecting a lot atalin routine on wood samples, the WAVA&thieved a
good level of confidence. The collected data andupaters could be used to predict and simulate the
behaviour of green wood in drying, forming and pregprocesses. The unique ability of WAV assess
the thermal degradation during the treatment calgd be applied to define the best parametershior t
heat treatment of wood in liquid water (temperatime pathway). The increasing interest to produce
ethanol from lignified biomass is certainly a gootbtivation for this application. In the future, an
important improvement will be implemented: a col@ gas supply, based on a mixture of dry gas and
saturated gas (Peretal. 2007, [8]), to accurately control the relative hdity and their variations during
the tests.
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