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ABSTRACT

Improvement of dimensional stability and durability is wished foruse of wood as a building
material. For the last decade, retification® has been indigtdaleloped. It consists in a
stabilization and preservation of wood by heat treatment.

The aim of this study is to find simple and fast methods to ctesize heat treated beech. Non
destructive testing is expected to be relevant to evaluatevbkof treatment and the properties
for the use of heat treated wood.

Six treatments were carried out in a pilot reactor. The peteasy of the retification® stage
(temperature and time) were studied.

For each treatment, the non destructive tests (free oscillaticdhe fundamental mode, colour
and dry weight loss)were performed, and the properties for usendmieal resistance and
volumetric shrinkage) measured.

Lightness and dry weight loss seem to be suitable properties to charactecizedigication®
when the time parameter is fixed. However, they are not suitable for other woaas sped for
retification stages with a variable duration. Moreover, the correlatidntigt properties for use
were plotted, but presented too large dispersion to be relevant.

After correction of moisture content, the longitudinal Young’s modulukefriaterial is slightly

increased by each of the six treatments, but do not present amyionawith changing

parameters values. On the contrary, the mechanical resistieureased with increasing
temperature and time. Thus the dynamic Young’'s modulus is nobleslia evaluate the
treatment and to predict the loss of mechanical resistance.

The logarithmic decrement was not increased by any of the gettnwhich is in opposition
with the hypothesis that retification® generates cracks and microcracksnatbgal.

Effects of long time at low temperature have been investigaten Ehese experiments,
properties of treated wood may be improved significantly by chgagipropriate values of the
parameters.
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INTRODUCTION

Improvement of dimensional stability and durability is wished foruse of wood as a building
material. For the last decade, stabilization and preservation of byolbeat treatment have been
industrially developed. Moreover, these heat treatments are morerenentally friendly than
the chemical ones. Retification® is one of these heat treatntleatsstabilizes wood and
improves its durability. However, their main drawback is the lossawhanical resistance of the
material that happens at high temperature.

Some tests involving rather complicated physical or chemichhigges have been developed
for the evaluation of the treatment. The first aim of this stadg find simple and fast methods
that allow to characterize the heat treatment of wood. Non diegértiesting could easily reach
these industrial requirements. But the considered properties haveytsigaificantly with the
parameters of the retification stage (temperature and time), in spiteodftveterogeneity.

Six treatments have been carried out in a pilot reactor. The comdscsimilar for all the
treatments. The changing parameters were temperature (5 sraug90°C, 220°C, 240°C, and
260°C)) and time (600 minutes at 200°C and 60 minutes at 220°C).

Properties related to the use of wood, such as the modulus of rupDR¢@®hd the volumetric
shrinkage have been measured.

Three types of non destructive tests have been done. The measwé@dnt_* a* b* colour
and dry weight loss were performed. Nevertheless, the efforts fweused on the free-free
flexural vibrations test. Dynamic longitudinal Young's modulus (MOd&)d logarithmic
decrement were measured. These non destructive tests have eehaa before and after
Retification®.

MATERIALS PREPARATION

The purpose of this work was to investigate the influence of twieemain parameters of
retification® on the material : temperature and time of exgos®is treatments were carried out
in a pilot kiln, at the “Ecole Des Mines De Saint Etienne”. This pilot kiln regsily PID on the
temperature of its atmosphere. The specimens were888P5 millimetres beech beams,
carefully cut in the longitudinal direction. Before heat treatntieetspecimens had been hold in
a climatic chamber at 65% relative humidity 20°C. The moistargent (MC) of the specimens
was 12%. Each batch was composed of sixteen specimens. The kiln pgpeelguith eight
thermocouples that allow to follow the temperature reached by the wood specimens.

Table 1 summarises the treatments parameters. The atmosgisecemposed of nitrogen gas.
The increase in temperature matched the standard one, used fotiftbatioea® process
(Weiland 2000).

Four treatments were performed with a fixed time of exposurd ofinutes. As the wood
transformation is known to begin around 200°C, we chose the followingetatares : 200°C,
220°C, 240°C and 260°C. In order to investigate the effect of long tirpesese at low

temperature of retification®, two treatments were carried @a20@°C during 600 min and at
220°C during 60 min.
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Table 1. Experimental parameters of the treatments

Treatment number Temperature [°C] Time [min]
1 200 5
2 220 5
3 240 5
4 260 5
5 220 60
6 200 600

For each treatment, non destructive tests (size, weight, colourfre@dvibrations) were
performed before and after the treatment. After treatmentsgheimens had been held until
equilibrium in a climatic chamber at 65% relative humidity 20°C before beiteptes

The physical properties (volumetric shrinkage, MOR, and MC) of uetiteand treated wood
were measured by destructive methods. For each measurementnpl@sshave been cut and
tested.

EXPERIMENTAL PROCEDURE

Evaluation of propertiesfor use

There are three main properties for the use of wood : mechamsstance, volumetric
shrinkage, and fungus resistance. In this work, we focused on the physiedrties :
mechanical resistance (evaluated by static bending) and volumetric gletinka

Mechanical resistance

The bending strength of treated wood was measured using a four pendmg device. 48
beams have been tested for each batch. The measurements werelldameg the French
normative NF B 51-008. Normalised beams of dimension 20*20*360 mm underwertea for
applied on the (LR) plane.

Volumetric shrinkage

This test is carried out on cubic samples of around 2cm edge $ieevolume of a cube is
measured in the water saturated state and in the anhydraisT$tatvolumetric shrinkage is
then calculated by the formula :

S= 1ooxu
S
where S is the volumetric shrinkage,
Vs is the volume of the water saturated sample,
Vo is the volume of the dried sample.

(1)

Evaluation by non destructive testing

Non destructive evaluations can be done before and after the treatment. Conseqegralgw
to get partly rid of the natural dispersion of wood, and to measurdtmiyodifications due to
the heat treatment.

Colour

The colour measurements were carried out using a MINOLTA Spécttometer CM-508i. The
principle of colour measurement is inspired by the human vision. One dslogpaired in a
three coordinate space. Thus, the device records three coordiaesso called lightness), a*,
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and b*. They match the three following pairs of colour : from wHite=100) to black (L*=0),
from red (a=+60) to green (a*=-60) and from yellow (b*=+60) to blue @8- Thirty points
have been recorded on each specimen, before and after the heat treatment.

Free oscillations

The vibrational properties were evaluated in the fundamental modieeefiree flexural
vibrations. The impulse was given on the flat face of the spesinide support were placed at
the nodal location of the first vibration mode. A piezoelectric captmorded the vibration of the
sample at the end of the beam (Fig. 1). Since the length of thenspsowas ten times superior
to their thickness, we could do the computation of the dynamic Youngdsilos following the
elementary Euler-Bernouilli's theory. Two quantities could besueal : dynamic MOE and
logarithmic decrement.

H
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figure 1: scheme of the device used to measureofeilations.

The dynamic Young's modulus can be calculated from the following2EH.is linked to the
stiffness of the material measured by static bending (Pellerin 1965).

_ 48 ML®
(kL)* ba®

(@)

Where E is the dynamic modulus of elasticity in the longitudinedction, M is the beam
weight, L its length, a its thickness, and b its widtlis the natural frequency of vibration in the
i™ mode, and kL is the solution of Eq. 3 matching thebde of vibration. This Eq. 3 is worth in
the case of free-free vibrations.

1 — cos(kL)ch(kL) =0 3)

Since we are working in the first mode we have :
ML®

E= O,9464b7f12 (4)
or:
4
E _ 094641 (5)
p a’

where Ep is the specific dynamic MOE argdis the specific gravity of the specimen.
As the specimens were cut in the longitudinal dioe¢ we measured the Young’s modulus in
the longitudinal direction.
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The logarithmic decrement gives an evaluation efititernal friction of the material. It is linked
to the volumetric viscous damping force, which dejse on the presence of defects, of
microcracks and on the MC. From the experimentattpofi view, we measure the amplitude of
the N" oscillation, and the amplitude of the (N¥njscillation and calculate the logarithmic
decrement following Eq. 6 :

E 1|n(—A s ] (6)
n

maxN+n

Since the MOE and the logarithmic decrement shdejsend on the MC of the specimens, we
fixed the correction relationships. In this purpossur specimens of untreated beam were
conditioned in a climatic chamber at different te&a humidity. Their moisture content varied
from O to 20% and we plot the logarithmic decremand the specific dynamic MOE versus
their MC. For the specific dynamic MOE, linear reggion gave an average slope of —0.255 GPa
per percent of water. For the logarithmic decrembatlinear regression gave an average slope
of 9 10* per percent of water, but the data scatteringweag large.

RESULTS AND DISCUSSION

Propertiesfor use
Table 2 and Fig. 3 present the results of the.tests
The volumetric shrinkage decreases monotonicallth wicreasing temperature and time of
treatment. Indeed, the main effect of retificatiom®the destruction of the hemicelluloses
(Weiland 2000), which are the most hydrophilic ddoents of wood. Consequently, the wood is
less sensitive to moisture.

Table 2: Propertiesfor use of treated and untreated beech

Treatment Volumetric MOR
number shrinkage S [Mpa]
[%]

Untreated 15.9 (1.4) 94.8 (15.8

1 15.0 (1.4) 100.4 (24.9)

2 14.0 (1.0) 97.9 (21.1)

3 11.7 (1.8) 74.3 (19.3)

4 8.3 (1.2) 59.6 (21.0)

5 11.6 (1.2) 84.6 (18.7)

6 10.6 (1.5) 74.0 (25.6)

The mechanical resistance decreases from 240°G. décay matches a degradation of the
material. Since the modulus of elasticity is alsmechanical property, we expect that it should
vary similarly than the MOR.

Increasing time of treatment result also in dearedshe volumetric shrinkage and the MOR.

Effect of temperature of treatment

Effect of the temperature on different properties

The aim of this work is to find out properties e&syneasure and that vary significantly with the
level of treatment. For this purpose, a review iffecent properties of treated wood is presented
in table 3. The colour (through the lightness Liidahe dry weight loss are the most influenced
properties. They are already known to be relevantttie control of heat treatment of wood.

Concerning the four treatment of five minutes, tlheyh vary accurately with the temperature
actually reached by the specimens (Fig. 2).
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Figure 2: dry weight loss and lightness plot agaitne temperature reached by each beam of treatiheh8 and4.

Consequently, once the time of exposure is fixeg,wkight loss and lightness can be used to
evaluate the retification® temperature.

However, they can not be used to evaluate bothe¢emyre and time of retification®. Indeed,
treatments 5 and 6 result approximately in theeshghtness and in the same dry weight loss as
treatment 3, but they involve longer time.

Nevertheless, the dry weight loss should be useefidby. In this work it varies well with
temperature, because beech are broad lived tre@l@mobt contain resin. The weight loss of
softwood is known to be unreliable as it dependgheir resin content.

The use of colour also may not be relevant withsp#cies of tree. Indeed, beech wood has a
very homogeneous colour, which is not the casalfavood species.

Table 3: Resultsof non destructive tests

Treatment | Dry weight Equilibrium Colour : Colour : Colour :
number lossAms MC lightness L* a* b*
[%] [%]

untreated - 12.0 (0.3) 70.7 (3.5) 7.7 (0.7) 18.8)(1
1 1.3 (0.3) 7.0 (0.8) 56.5 (2.2) 7.4 (0.6 17.%)0
2 2.7 (0.7) 5.3 (0.5) 49.6 (2.9) 8.1 (0.4) 102)
3 6.5 (1.7) 4.1 (0.7) 41.9 (2.9) 7.8 (0.5 14.5§1
4 12.8 (1.9) 3.7 (0.3) 36.2 (2.1) 6.3 (0.7) 11.5)
5 6.9 (1.6) 4.2 (0.5) 42.6 (2.3) 7.5 (0.3) 140
6 7.8 (0.8) 4.9 (0.5) 41.7 (1.9) 8.5 (0.5) 16.2)

Moreover, correlation between the properties fag aad lightness and dry weight loss were
plotted, but presented too large dispersion toifyutdle retification®. That is why, we proposed
to evaluate the relevance of the free oscillatimeshod.
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Vibrational properties

Table 4: Vibrational properties of heat treated beech

Treatment number | Ratio : ((Ed/p)treated )/ Ratio :
((Ed/p)untreated ) (8treated )/ Guntreated )
Natural 1(0) 1(0)
1 1.14 (0.06) 0.98 (0.10)
2 1.13 (0.07) 0.86 (0.07)
3 1.16 (0.02) 0.76 (0.09)
4 1.14 (0.02) 0.80 (0.07)
5 1.14 (0.02) 0.64 (0.09)
6 1.13 (0.02) 0.85 (0.08)

There are two observations concerning the spatyfiamic Young’s modulus (Table 4):
- itincreases from natural to treated state,

- there is no obvious variation following the paedars.

To conclude, it is not possible to evaluate thattreent with this property.

The logarithmic decrement decreases with increasngperature of treatment from 200°C to

240°C. But the scattering of the data is so latgd it is again impossible to qualify the heat

treatment with this property.

By destruction of the hemicellulose, heat treatnmeakes the wood loose its affinity for water.

As a consequence, viscous damping is reduced amdotfarithmic decrement decreases.
Moreover, the stress strain curves of the high e¥atpre batch (treatment 3 and 4) have the
shape of brittle material. The heat treated wodthises more like brittle material progressively

with increasing values of the parameters.

During retification®, two phenomenon may influente vibrational properties : loss of MC
(that increase the MOE and decrease the logaritli®mecement), and lignocellulosic material
modification. In order to investigate the influermfethe material modification on the vibrational
properties alone, it was necessary to calculata@etiminate the influence of the MC.

Correction of the vibrational properties with MC

We know that the equilibrium MC of the treated wadetreases with increasing temperature
and time of treatment (Table 3). Consequently, wé to do the correction of the vibrational

properties values according to the variation instwe content. Linear regression of the specific
dynamic MOE of untreated wood vs. MC between 0% 20 has been plot. For each batch,
one could then compute the specific dynamic MOEimtreated wood at the same moisture
content as the equilibrium moisture content oftteated wood ((Eg)untreatedcor).

The ratio ((Edd)treated)/((Edd)untreatedcor)so calculated (Table 5) allow to compare the
natural and treated wood at the same moisture gbnte

Once the correction is carried out, one observeM®@E of wood is slightly enhanced by each
of the treatments. We can conclude from this, that modification of material result in an

increase of the Young’s modulus. Phenomenon ingbluethis modification are discussed. As
well as before correction, the scattering of therease is large, which forbids to make a
difference between treatments of different paramsete
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The same correction in MC was done for the logarithdecrement. Considering the values
obtained and the scattering of the data, one c@uitditice obvious difference between the
decrement of anhydrous wood and the decremengatielr wood.

Table 5: corrected vibrational properties of heat treated beech

Treatment number Ratio : ((Ed/p)treated )/ Ratio : (étreated )/
((Ed/p)untreated cor) (duntreated cor)
1 1.07 (0.06) 1.12 (0.13)
2 1.04 (0.02) 1.00 (0.10)
3 1.04 (0.02) 0.90 (0.12)
4 1.02 (0.01) 1.00 (0.10)
5 1.04 (0.02) 0.77 (0.12)
6 1.04 (0.01) 1.03 (0.11)

We can conclude from this, that the measuremetiteo¥ibrational properties in the fundamental
mode is not relevant to make an evaluation of ¢tiécation® of beech beams.

Mechanical and vibrational properties

Another point concerns the mechanical resistanctheftreated wood. The bending strength
decreases significantly from 240°C (Table 4). Dgrihe heat treatment, physical and chemical
transformations of the material lead to a loss ethanical resistance. In the spite of this, the
specific Young’'s modulus is not modified from 200%@til 260°C. Thus, the material
degradation causes reduction of mechanical resmstaout no variation of the modulus of
elasticity.

The longitudinal MOE of a beam depend stronglyh® microfibril angle of the S2 layer, and
depend less strongly on the crystallinity of celké and stiffness of the amorphous matrix (Ono,
Norimoto 1983). These three elements of the wongtitre could be slightly influenced by the
heat treatment and result in this slight incredse®young’s modulus.

The mechanical strength of wood is more linkechto firesence of cracks, and their opportunity
of initiation and propagation. Thus, the loss ofchamical resistance may be attributed to a
higher number of cracks and microcracks in thetégbanaterial, or/and to a decrease of the
energy necessary for a crack to initiate and praggam the material.

With microscopic investigation of the microstrug&umo obvious damage is visible on heat
treated wood (Avat 1993). Moreover, since the lagaric decrement is decreased by heat
treatment (or at least not increased once the areistorrection is done), the hypothesis of a
higher number of microcracks in the treated bedwulsl be rejected. Indeed, the presence of
more microcracks should lead to a higher intermaitiébn, and thus to an increase of the
logarithmic decrement.

As a conclusion, more investigation is necessafintbout the influence of the retification® on
the structure and microstructure of the wood, anda the link with the macroscopic properties
as mechanical resistance and vibrational properties

Effect of long time treatment

The last point of the study was the effect of |dimge treatment. Treatments number 5 and 6
were performed (Fig.3) and (Table 2). One of thaefie of long time treatment at low
temperature is that the conduct of the procesasgee Indeed, no exothermic effect is expected
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and the temperature homogeneity is better in that jgiln. Moreover, a lot of reaction is
involved during retification® (Bohnke 1993, Weila@800). By choosing low temperature and
long time treatment, one intend to improve readitrat decrease volumetric shrinkage, and to
slow reactions that decrease the MOR.

Treatment 5 and 6 result both in a decrease oWthemetric shrinkage and in a loss of the
mechanical resistance. It seems to be difficulyeb reduction of volumetric shrinkage without
reduction of the bending strength. In the spitehtd general observation, there is no evidence
that these two effects are caused by the sameaesactand we may find an optimum of the
parameters values, where the mechanical loss vieutdduced.

Concerning the volumetric shrinkage, a one houfigation stage at 220°C (batch number 5)
allowed to reach the same level of stabilisatioraa$ve minutes treatment at 240°C (batch
number 3). The mechanical resistance seem to gbtlgliless reduced, but the dispersion of
MOR is large. Nevertheless, the difference on ayer®OR between number 3 and 5 is
statistically significant at risk 2%.

Since this difference is statistically significamie expect that an optimum of the parameters
exists to get the best compromise for the use ptiegeMoreover, comparing treatment 6 and 3,
the volumetric shrinkage is lower for treatmentiéhvapproximately the same value of MOR.

According to these observations, reactions thatrawg the reduction of volumetric shrinkage
should prevail at low temperature (until 220°C)hmiegard to reactions that cause mechanical
degradation. Though, more investigation is necgssafind out what reaction occurs at a given
temperature.

Volumetric shrinkage (%) vs temperature of heattr  eatment Modulus of rupture (Mpa) vs temperature of heattr  eatment
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Figure 3 : properties for use of retified® beech.

CONCLUSION

Six treatments have been carried out in a pilatteraThe parameters of the retification® stage (
temperature and time) have been studied.

For each treatment, the non destructive tests (fsedlations in the fundamental mode, colour
and dry weight loss) were performed, and the pt@serfor use (mechanical resistance and
volumetric shrinkage) measured.

Lightness and dry weight loss seem to be suitalupeguties to characterize beech retification®
when the time parameter is fixed. However, theyrartesuitable for other wood species, and for
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retification stages with a variable duration. Moreq the correlation with the properties for use
were plotted, but presented too large dispersidretcelevant.

After correction of moisture content, the longituai Young’s modulus of the material is slightly
increased by each of the six treatments, but do pmesent any variation with changing
parameters values. On the contrary, the mecham&sistance decreased with increasing
temperature and time. Thus the dynamic Young’'s rusdis not reliable to evaluate the
treatment and to predict the loss of mechanicatasce.

The logarithmic decrement presented a large digperswhich does not allow to qualify
retification® with this property. After moisture ection, it was not increased by any of the
treatments. This observation is in opposition vl hypothesis that retification® generates
cracks and microcracks in the material.

Effects of long time at low temperature have bemrestigated. From these experiments, it
results that significant improvement of the woodparties may be expected by choosing
appropriate values of the parameters.

More investigation is required to find out whatatan prevails according to the temperature,
and to understand better the mechanisms that taei$ess of mechanical resistance.
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