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ABSTRACT

Complex structure and specific feature of Europbaach wood (Fagus silvatica L.) have great infl@ena its specific
drying characteristics, which are often negativelpressed as various drying defects. Therefore, doting techniques,
i.e. controlled air drying, normal temperature kitirying, vacuum drying and drying with high freqagn(HF) were
compared to achieve the best technique. Quite dheegjuality, 32 mm thick beech wood samples weeel drom green
condition to the final moisture content of 10%. siiccessive time intervals during drying processesdaquality was
evaluated regarding drying rate, time of drying,istore content (MC) gradient, casehardening anduo@nce of drying
defects. Drying with the HF was the fastest, foldvby vacuum drying and kiln drying. In air dryimgod kept good
quality, with the lowest MC gradient, however taghhMC of wood was achieved. Low MC gradients wemefirmed at
vacuum and HF drying, where the latter was applieabnly at MC below fiber saturation point (FSP)o@ drying
quality, concern casehardening and visual appeagawas achieved at vacuum drying process, quite acabfe to air
drying. In this research the vacuum drying was assd as the most preferential techniques for drpiech wood.
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INTRODUCTION

Beech woodKagus silvatica..) represents in Slovenian woodworking industeyywimportant part, in

a sense of quantity and quality as well as in aesaf value. Complex structure and specific feature
of European beech wood have great influence ospiéific drying characteristics, which are often
negatively expressed as various drying defectstlyndspending on process conditions.

In dying practice a combination of different tedures has been applied to take advantage from them
or air pre-drying to minimize the energy consumptialespite unpleasant oscillating climate
conditions, has been used. For using more diffedeying techniques, especially for drying beech
wood, we can find some reasons: c.f. annually weehasually two main cutting seasons with
concentration of great amount of fresh logs andnsawod; the drying capacity in the industry is
limited; with exploitation of natural condition wget better energy effectiveness of drying. Gengrall
the aim of the drying process is to achieve thanmgit quality in shortest drying time and with
minimum energy consumption. According to achievi@ant drying quality of dried wood for wood
products with the best quality and with great addatlie we have to choose convenient drying
techniques for each drying period.

In our examination we investigated drying kinetiaad quality of wood dried with different

techniques. With analyzing drying curve and ratelrging we would like to predict favorable drying

techniques for wood for different end use. With thedel it would be able to choose the best
combination of drying techniques and to calculdte bptimum MC at which change of drying

techniques would bring the best results.

To attain the main goal of examination we analyaed compared four drying techniques: air drying,
normal temperature kiln drying, vacuum drying angiry with high frequency (HF). Drying
processes were evaluated regarding drying rates 6fndrying, moisture content, moisture content
gradient, casehardening and occurrence of dryifectie
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MATERIALSAND METHODS

For the experiment we used fresh beech wood bagittis78:12% average initial moisture content.
High quality 32 mm thick boards were cut into f&fr cm long pieces with quite the same quality.
All boards were also cut to the same with of 80 nivie. tried to get board with tangential orientation.
We assured comparable material for further exanoinain each drying process we controlled kinetics
of drying and quality of wood on 13 samples witmdnsion 32 mm x 80 mm x 600 mm. Beech wood
samples were dried from green condition to thel fimaisture content of 10%.

The accurate initial moisture content and moistrealient were determinate by gravimetrical method
(EN 13 183-1). During drying processes we followtb@ MC changes with eclectic resistance
moisture meter (EN 13 183-2). At successive tinterirals all samples were weighted and MC was
calculated. At the same time smaller controlled @aswere taking out to define précis MC, moisture
content gradient and casehardening (Welling, 1993).

At the end of drying wood quality was evaluatedarelgng drying rate, time of drying, moisture
content, moisture content gradient, casehardemdgacurrence of drying defects.

Due to very variable climate condition we followtte air drying during spring and winter period.
At the beginning of experiment the evaluation of MM@C gradient and casehardening was done every
3 days and after two weeks of drying every 7 déystemperature and relative humidity were noted
at the same time intervals.

For »conventional« drying experimental kiln dryeasaused (V = 1 f). Drying schedule was adapted
due to experience and same specific characterisfitke kiln. Drying conditions in the kiln was
controlled with dry and wet bulb temperature thiowggulation system Vea. Every two hours dry and
wet bulb temperature, mass of wood, energy consomps well as MC on 6 places were registered.

Vacuum drying was simulated in small vacuum-pressiramber. Climate condition in the chamber
was regulated with pressure and temperature. THisinal drying schedule was adjusted
to the possibilities of laboratory chamber. Duritiying process every 15 minutes the wood and
chamber temperature, moisture content and presareecollected with date acquisition system

We used the HF only for drying wood below FSP; beforesh wood was carefully dried in the
controlled climate chamber to moisture content ado&SP. HF generator had 4 stage regulations
of power. The wood samples were evaluated at ssiseeime intervals (25 min.) with measuring:
mass, moisture content and temperature on thecguafad in the centre of the samples.

RESULTS

Air drying

During air drying of beech wood we perceived andficmed significant influence of season. The
average drop of moisture content per day in sptimg was 6,1 %, meanwhile in winter period the
drying rate decreased to 2,2 %/day. So favorablegiwas achieved in spring but the constant drying
rate was relatively short (about 1 week). Firstiqgeervith constant rate was finished at 46 % average
moisture content (Fig. 2A). But at less favorablmter period constant drying rate period lasted
at least 3 weeks and finished at lower averagetareigontent (at about 36 %). In both seasons more
than half of water was driven from wood during dans drying rate. As expected the drying rate was
continued with exponential decreasing and was Hadswith achieving the equilibrium moisture
content of environment.

The rate of air drying in spring as well as in wintime was good correlated with exponential
mathematical model (Fig. 1).
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Fig. 1 Drying rate during air drying in spring anainter.

More favorable drying during spring months indu@eavood grater moisture gradient. Relatively fast
drying of surface caused that MC of surface fellobe FSP and interrupted the effective flow
of capillary water from the core of the wood. Slowleying induced smaller moisture gradient so there
was very little danger for appearance of diffusi@mrier on the wood surface.

80 03
70
60 4
g e
= +02 = = —_
= 50 1 s Z £
g = g &
£ ) 2
8 40 ¥ &
4 > © =3
I3 ]
2 301 2 g B
2 +01o s a
=
20 4
10 {
R . P T ..
0 : : : - — 0 0 ! . . - o
0 200 400 600 800 1000 1200 1400 0 50 100 150 200
Drying time [h] Dring time [h]
80 2 80 16
70 1 r 1,75 N+ s — — s~ — 114
. LT
60 ] 60 - RN SN 112
S — IS . . . _
& = &
£ 50 125§ £ 50 1 10;51
2 2 H g
8 40 rL © a0 42— — — . S __==-. |3 F
e > 4 3
2
% 301 L 075 & 2 te >
o ] <) o
= =
20 4 H05 ta
10 4 0,25 L2
0 . . . . . o 0 T T T T 0
0 10 20 30 40 50 60 0 05 1 15 2 25
Drying time [h] Drying time [h]

Fig. 2  Drying curves and drying rates for A/ air, BIn, C/ vacuum and D/ HF drying.

Kiln drying
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Overall drying time in the kiln drying was 178 heuheating 8 h, drying 143 h, conditioning 27 h).

At the beginning the drying was very intensive, duoging rate dropped very quickly and decreased
exponentially to the final moisture content (Fig)2

The beginning of drying induced very sharp moistgradient (Fig. 3). Consequences were seen
in generating drying stresses which could causseiichecking or casehardening at the end of drying
(Fig. 4). Therefore, kiln drying hat to be fishedwconditioning.

Vacuum drying

The complete time of continuing vacuum drying wasnfavorable (58 h). The drying rate during first
period was not so high but last till MC dropped Moellow FSP (Fig. 2C). We concluded that quite all
free water was eliminated through capillary flowls@ the decrease of diffusion flow was not
significant as in other drying techniques (c.f. #4999).

The drying rate in vacuum was comparable with #gadtieved in kiln drying, but favorable conditions
lasted in vacuum drying much longer with smallerishoe gradient (Fig. 3). Despite of small
moisture gradient or potential the drying was ey fast until 20 % average moisture content was
reached. Because of small differences between M@ersurface and MC in the core, also drying
stresses was not so distinctive (Fig. 4). Thefoslsplit or wrap of wood was therefore very small.

HF drying

Before drying the wood in the dielectrics fieldrafih frequency we hat to dry it to MC just abouf:S

so we have no date about effectiveness of HF drgfrgreen wood. HF drying below FSP was very
effective and the rate of drying was 10 times highan in others drying techniques (Fig. 2D). Befor
drying with HF the MC in the core was a little hagithan at the surface. The temperature at the core
of the wood increased faster than in the surfdoerefore the condition for further drying was very
favorable. As in other techniques also in HF, dgynates decreased exponentially with decreasing

MC. Drying gradient was small but some caseharqtpom:urred (Fig. 3 and Fig. 4) (c.f. Kobayashi et
al, 1999).
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Fig. 3  Moisture content gradients in three stagésinying 1 — initial state, 2 — around FSP and 3iral
state for air, kiln, vacuum and HF drying.
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air, kiln, vacuum and HF drying.

State of casehardening in three stages wihdrl — initial state, 2 — around FSP and 3 — fistate for

Constant drying rate period was significant only &r drying (Fig. 5 and Fig. 6). In other drying
techniques MC of surface dropt quickly below FSHE arterrupted effective capillary flow of free
water from the center of wood. In this period tivedaying is also competitive if the climate condits

is favorable, for example in spring. Air drying bel FSP was very slow and wasteful. In hygroscopic
range much longer, than in other techniques lafedrable drying conditions in vacuum drying.
This is also the reason for smaller moisture gradaad very good quality of dried wood. Because of
small capacity HF drying was not competitive wither drying technique.
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Fig. 5 Comparison of drying curves for air, kiljouum and HF drying

We can conclude that in some cases we get therésslts with combination of different drying
techniques. For this reason we set up a modelwthilch we are able to predict the best combination
of drying techniques and to calculate the optimu@ 8 which change of drying techniques brings the
best results. Because of great variability of weothe more date for verification is needed.
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Fig. 6 Drying rate and their regression

In further investigation we will include in the meldbesides drying kinetics and drying quality also
energy consumption and costs of drying, which ish@yway very specific for each firm.

CONCLUDING REMARKS

Drying with the HF was the fastest, followed by wam drying and kiln drying, whereas expected
duration of air drying was the longest.

In air drying wood kept good quality, with the lostéMC gradient, however drying to lower MC is too
long.

Low MC gradients were confirmed at vacuum and H¥indy, where the latter was applicable only
at MC below fiber saturation point. Good drying ityaconcern casehardening and visual appearance
was achieved at vacuum drying process, quite caabpato air drying. In this research the vacuum
drying was assessed as the most preferential mobsifor drying beech wood.

With a mathematical model we are able to predicst beombination of drying techniques
and to calculate the optimum MC at which changérging techniques brings the best results.
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