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Rezumat:

Tratamentul termic este unul dintre procesele
utilizate la modificarea proprietatilor lemnului privind
rezistenta mai bund la umiditate si o stabilitate
dimensionald mai ridicata. Scopul acestei lucréri este
determinarea comparativa a variatiei grosimii, masei
volumice, umflarii si contragerii lemnului tratat termic
fatd de cel netratat pentru douéd specii lemnoase —
Pin silvestru (Pinus sylvestris L.) si fag oriental
(Fagus orientalis Lipsky.) Materialul a fost tratat la
trei nivele de temperatura, 120, 160 si 210 C, si in
doua intervale diferite de timp (2 si 6 ore) in mediu
inert (de azot). Dupé tratarea termica, mostrele
tratate si de control au fost conditionate la
temperatura de 20 + 2°C si umiditate relativd de 65%
(+5%). Au fost masurate apoi grosimea, umflarea si
contragerea lemnului conform TS 4083 - 4084 - 4085
si 4086 (1983). In acelasi timp s-au determinat
masele volumice ale lemnului tratat termic. Mai mult
de atét, s-au facut corelatii intre grosime, umflare gi
masa volumicd dupd uscare. Rezultatul obtinut
indica faptul ca valorile umflarii si contragerii
descresc odata cu cresterea  temperaturii
tratamentului termic.

Cuvinte cheie: tratament termic; lemn; stabilitate
dimensionala.

INTRODUCERE

Odata cu inasprirea cerintelor ecologice si de
protectie a mediului, procesatori ai lemnului din
intreaga lume au inceput sa scada treptat cantitatea
de substante chimice utilizate in tratarea lemnului si
cautd cai alternative de modificare a acestuia.
Tratamentul termic la temperaturi inalte, ca metoda
de modificare a lemnului, pare a fi o metoda de
protectie ecologica, avand ca rezultat produse din
lemn cu valoare adaugata. Procesul este condus in
general prin reglarea temperaturii si  presiunii.
Temperatura variaza intre 120°C si 280 °C, timpul de
tratare intre 15 minute si 24 ore, in functie de tipul
procesului, specia lemnoasa, dimensiuni, umiditatea
initiald a lemnului (Emmler si Scheiding 2007).
Temperatura are o influentd mai mare decét timpul
asupra multor proprietati. Un tratament la temperaturi

Abstract:

Heat treatment is one of the processes used to
modify the properties of wood due to its better
moisture resistance and increased dimensional
stability. The aim of this work was to define
thickness, density, swelling and shrinkage properties
of heat treated wood of two wood species- Scots
pine (Pinus sylvestris L.) and Oriental beech (Fagus
orientalis Lipsky.) compared to not treated control
samples. The material was treated at three
temperature levels, 120, 160 and 210C, and two
different duration (2 and 6 hours) in inert (nitrogen)
environment. After heat treatment, treated and
control samples were conditioned at 20 + 2°C and
65% (+5%) relative humidity (RH). The thickness,
swelling and shrinkage tests were applied with TS
4083 - 4084 - 4085 and 4086 (1983). At the same
time oven-dry densities were determined. Moreover
correlation between thickness, swelling and oven-dry
density were also investigated. The result showed
that the values of swelling and shrinkage decreased
with increasing treatment temperature.
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INTRODUCTION

Increasing environmental pressure, worldwide
wood manufactures started to gradually decrease
the amount chemicals used in wood treatment and
are looking for alternative ways of wood modification.
The heat treatment of wood at high temperature, as
a wood modification method, seems to be an eco-
friendly wood protection method, which results in
value added wood products. The process is
generally conducted under the heat and pressure.
Temperature usually ranges from 120°C to 280°C,
treatment time spans between 15 minutes and 24
hours, depending on the type of the process, wood
species, stock dimensions, initial moisture content
(Emmler and Scheiding 2007). Temperature has a
greater influence than time on many properties.
Treatment a lower temperatures for longer periods,
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mai joase si un timp mai indelungat nu da rezultate
similare cu tratamentele aplicate la temperaturi inalte
(Korkut s.a. 2008; Akyildiz s.a. 2009).

Unele proprietati chimice si fizice se modifica
prin incalzire definitiv. Modificarile proprietatilor sunt
cauzate in  primul rdnd de degradarea
hemicelulozelor. Teoretic, legaturile OH libere din
hemiceluloze au cel mai mare efect asupra
proprietatilor fizice ale lemnului. Tratamentul termic
micsoreaza absorbtia de apa, iar peretele celular al
lemnului va absorbi mai putina apa datorita reducerii
de grupari hidroxil din lemn. Ca o consecintd a

numarului redus de grupari hidroxil din lemn,
umflarea si contragerea sunt mai reduse.
Astfel, una dintre principalele proprietati

imbunatatite prin acest tratament este stabilitatea
dimensionala (Li s.a. 2011; Estevez s.a. 2007;
Kocaefe s.a. 2008). Multe cercetari s-au concentrat
pe aplicarea tratamentelor termice pentru
imbunatatirea stabilitatii dimensionale, a
proprietatilor higroscopice si a rezistentei biologice a
lemnului. Tratamentul termic al lemnului modifica din
punct de vedere chimic compusii celulei lemnoase.
Aceste modificari chimice pot fi exprimate printr-o
stabilitate dimensionala crescuta si higroscopicitate
redusa (Ifju 1964; Kartal 2008).

Studii anterioare au indicat faptul ca raportul

contragere-umflare al lemnului scade datorita
tratamentului  termic, in timp ce utilizarea
tratamentului  imbunatateste  stabilitatea  sa

dimensionala (Yildiz 2002). Cercetari similare au
aratat ca o stabilitate dimensionala ridicata s-a
obtinut cénd temperatura si durata au crescut
(Rafidah s.a. 2010).

Scopul acestui studiu este acela de a defini
grosimea si proprietatile de umflare a doua specii
lemnoase tratate termic — pin silvestru (Pinus

sylvestris L.) si fag oriental (Fagus orientalis Lipsky.).

MATERIALE S| METODA

Pinul silvestru (Pinus sylvestris L.) si fagul
oriental (Fagus orientalis Lipsky.) din regiunea
Kastamonu, Turcia sunt speciile lemnoase selectate
pentru acest studiu. Mostrele au fost taiate paralel cu
fibrele lemnului si debitate in epruvete cu
dimensiunile 20x20x30mm (tangential x radial x
longitudinal) (Akyildiz si Ates 2008).

Epruvetele au fost supuse unui tratament termic
la temperaturile de 120°C, 160°C si 200°C timp de 2
si respectiv 6h Intr-o etuva mica, cu posibilitate de
termostatare a temperaturii cu precizia de +1°C, sub
presiune atmosferica si In prezenta azotului (Ny).
Dupa tratamentul termic, epruvetele tratate si
netratate au fost conditionate la temperatura de
20+2°C si umiditate relativa a aerului de 65% (+5%)
intr-o camera de conditionare, pentru a atinge
umiditatea de echilibbru de 12%. Dimensiunile
epruvetelor au fost masurate cu o precizie de
0,01mm (Akyildiz si Ates 2008).
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however, does not give similar results compared to
treatments at higher temperatures (Korkut et al.
2008; Akyildiz et al. 2009).

Some chemical and phycisal properties of
wood changes heating permanently. The change in
properties is primarily caused by degrading of
hemicelluloses. Theoretically, the available OH
groups in hemicellulose have the most significant
effect on the physical properties of wood. Heat
treatment slows water uptake and wood cell wall
absorbs less water because of the decrease of the
amount of wood’s hydroxyl groups. As a
consequence of the reduced number of hydroxyl
groups the swelling and shrinking are lower.

Thus, one of the properties improved most by
this treatment is the dimensional stability ( Li et al.
2011; Estevez et al. 2007; Kocaefe et al. 2008).
Considerable research has focused on the
application of heat treatments to improve the
dimensional stability, hygroscopic properties and
biological resistance of wood. Heat treatments of
wood modify chemistry of cell components. These
chemical changes can be expressed as increased
dimensional stability and decreased hygroscopicity
(Ifju 1964; Kartal 2008).

Previous studies indicated that shrinkage-
swelling ratios of wood decreased with heat
treatment, while using this treatment also improved
its dimensional stability (Yildiz 2002). In similar
research, an increased dimensional stability was
obtained when temperature went up and the duration
increased (Rafidah et al. 2010).

The scope of this study was to define thickness
and swelling properties of heat treated wood of two
wood species - Scots pine (Pinus sylvestris L.) and
Oriental beech (Fagus orientalis Lipsky.).

MATERIALS AND METHOD

Scots pine (Pinus sylvestris L.), Oriental beech
(Fagus orientalis Lipsky.) woods obtained from
Kastamonu in Turkey selected for this study. The
wood samples were cut in parallel to grain directions
and sawn into specimens measuring 20x20x30mm
(tangential x radial x longitudinal dimensions)
(Akyildiz and Ates 2008).

The samples were subjected to heat treatment
at 120°C, 160°C or 200°C for 2 or 6h in a small
heating unit controlled to within +1°C under
atmospheric pressure and in the presence of
nitrogen gas (N.). After heat treatment, treated and
untreated samples were conditioned at 20+2°C and
65% (£5%) relative humidity (RH) in conditioning
room to reach equilibrium moisture content (EMC) of
12%. The dimensions of the samples were
measured at at 0.01mm (Akyildiz and Ates 2008).
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REZULTATE $I DISCUTII

Tabelul 1 indica faptul ca raportul grosimii si al
umflarii pentru speciile lemnoase selectate tratate
fatd de cele netratate depinde de regimul de tratare
termica aplicat.

Conform rezultatelor testelor, atat grosimea, cat
si umflarea pentru speciile lemnoase selectate scade
odata cu cresterea temperaturii si durata procesului.
Atét contragerea, cat si umflarea sunt puternic
reduse cu cresterea temperaturii de tratare.

Diferentele intre duratele diferite nu sunt
semnificative (Tabelul 2 si Fig. 1). In acest caz se
poate spune ca temperatura a avut efect mult mai
mare decét durata procesului de tratare termica.
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RESULT AND DISCUSSION

Table 1 indicates that thickness and swelling
ratios of selected wood species vary under the
different heat treatment and time combinations.
According to test results, thickness and swelling
ratios of selected wood species decreased with
increasing temperature and duration of process and
shrinkage and swelling ratios are strongly affected
negatively by treatment temperature.

But, the effects of time were not significantly
(Table 2 and Fig. 1). In that case it can be said that
temperature might have greater affect on than heat
treatment process time.

Tabelul 1/ Table 1

Efectul tratamentului termic cu durate gi temperaturi diferite asupra valorilor de contragere gi
umflare pentru speciile lemnoase selectate / The effect of heat treatment for different durations and
tempertures on shrinkage and swelling values in selected wood species

%iggé Temperatura/ Unite Specii lemnoase/ Species
h) Temperature Pin silvestru/ Scots pine Fag oriental/ Oriental beech
B a B a
r r t r t r t
Control Avg 4.71 7.35 | 4.21 771 | 489 | 11.85 | 5.29 15.1
Std 0.78 | 213 | 0.78 | 0.59 | 0.19 | 0.27 0.54 0.77
120 Avg 415 | 744 | 393 | 768 | 4.45 | 10.76 | 6.01 13.5
5 Std 1.45 | 0.66 | 0.28 | 0.76 | 0.73 | 0.65 0.71 1.35
160 Avg 456 | 682 | 428 | 760 | 3.77 | 10.76 | 4.32 14.8
Std 1.19 1.42 | 0.80 1.36 | 0.74 | 1.26 0.94 3.55
200 Avg 422 | 7.03 | 4.51 729 | 425 | 9.69 4.84 12.5
Std 055 | 0.38 | 0.83 | 046 | 0.39 | 0.48 0.24 0.57
120 Avg 446 | 713 | 3.85 | 7.33 | 4.06 | 10.21 | 4.91 13.2
Std 0.59 1.19 1.26 1.18 | 1.72 | 0.51 1.10 1.23
6 160 Avg 3.31 775 | 370 | 7.75 | 455 | 8.51 5.04 12.4
Std 0.68 1.68 | 0.38 1.68 | 3.41 4.14 0.51 0.55
200 Avg 404 | 664 | 344 | 6.86 | 4.42 | 8.46 3.82 12.8
Std 0.50 | 0.41 0.76 | 0.91 1.01 1.08 0.70 1.17

Avg=Media; Std=Abaterea medie patratica

Rezulta clar din rezultatele obtinute Tn acest
studiu ca valorile masurate au fost mai mici in cazul
epruvetelor tratate termic, decat in cazul celor de
control, netratate.

In timp ce efectul maxim al tratamentului termic
s-a Tnregistrat la temperatura de 200°C, efectul
minim s-a Tnregistrat la 120°C. Similar, Gindiz s.a.
(2008) au studiat efectul tratamentului termic asupra
proprietatilor fizice si asupra rugozitatii suprafetei
pinului negru Camiyani (P. nigra Arn. subsp.
pallasiana var. pallasiana). Cercetarile au indicat
faptul ca reducerea valorii masei volumice si a
umflarii au fost remarcate odata cu cresterea timpului
si temperaturii de incalzire. Un alt studiu a aratat
rezultate similare pentru lemnul de pin silvestru
(Pinus sylvestris L.) si fag (Fagus orientalis Lipsky)
(Korkut s.a. 2008a). De asemenea, Korkut si Guller
(2008) au raportat o scadere a proprietatilor fizice,
masa volumica in stare anhidra, masa volumica
pentru umiditatea de echilibru, umflarea si

It is clear from the obtained results in this study
that measured values were lower in heattreated
samples than untreated control samples.

While the maximum effect of heat treatment
was recorded at 200°C, the minimum effect was
recorded at 120°C. Similarly, Gindiiz et al. (2008)
studied the effects of heat treatment on physical
properties and surface roughness of Camiyani black
pine (P. nigra Arn. subsp. pallasiana var. pallasiana)
wood. Their research indicated that reduction in
density and swelling, values were observed with the
increase in heat treatment time and temperature.
Another study showed similar results for Scots pine
(Pinus sylvestris L.) and beech (Fagus orientalis
Lipsky) wood (Korkut et al., 2008a). Also, Korkut and
Guller (2008) reported a reduction in physical
properties, oven-dry density, air-dry density and
swelling and surface roughness of wood. Akyildiz et
al. (2009) reported that values of the physical
properties decreased with temperature and duration
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rugozitatea suprafetei lemnului. Akyildiz s.a. (2009)
au afirmat ca aceste valori ale proprietatilor fizice
scad odata cu temperatura si durata procesului si ca
ele sunt puternic afectate, in mod negativ, de catre
temperatura tratamentului termic.

Tabelul 2 indica procentajul de descrestere al
valorilor in raport cu fiecare tratament si parametru
masurat.
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of process and physical properties are strongly
affected negatively by treatment temperature.

Table 2 shows the percentage decrease of
values in relation to the control for each treatment
and each measured parameter.

Tabelul 2/ Table 2

Scaderea procentuala a valorilor de contragere si umflare pentru speciile lemnoase tratate termic pe
diferite durate de timp / Percentage decrease of shrinkage and swelling values in selected wood
species following heat treatment for different duration

Timp/ Temperatura/ Specii lemnoase/ Species
T'(rE)e S Tem?%r)a ture Pin silvestru/ Scots pine Fag oriental/ Oriental beech
B a Do B a Do
r+t r+t ) r+t r+t )
(%) (%) (%) (%)
120 4.06 3.47 0.444 4.14 6.97 0.701
2 160 5.98 4.62 0.457 9.02 6.64 0.632
200 7.20 4.44 0.431 13.63 17.58 0.620
120 4.06 4.62 0.457 11.00 12.58 0.683
6 160 9.04 6.72 0.446 21.29 16.91 0.633
200 12.92 18.64 0.423 22.98 22.68 0.641
Este evident din Tabelul 1 ca valorile de It is evident from Table 1 that the shrinkage and
contragere si umflare scad odata cu ridicarea | swelling ratios values decrease with heat treatment

procesului de tratare termica. Cele mai scazute
grosime si umflare pentru speciile selectate au fost
obtinute la 200°C timp de 6h. Se poate observa din
acest tabel ca reducerea maxima obtinuta este de
22.98 (B) si 22.68 (o) la fagul oriental, comparativ cu
mostra de control.

Efectul masei volumice in stare anhidra asupra
rapoartelor de contragere si umflare s-au determinat
in urma analizei de corelatie din Fig. 1.
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process. The lowest thickness and swelling ratios of
selected wood species were obtained at 200°C for
6h and It can be seen from this table that in the
maximum reductions were obtained as 22.98 (B) and
22.68 (o) in oriental beech, compared with the
control sample.

The effect of oven dry density on the shrinkage
and swelling ratios were statically researched by
correlation analysis is shown in Fig. 1.
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Fig. 1.
Relatia dintre masa volumica in stare anhidra si rapoartele contragere - umflare ( % S+ a) la pinul
silvestu (a) si fagul oriental (b) / The relationship between oven dry density and shrinkage and
swelling ratios ( % S+ a) Scots pine (a), Oriental beech (b).
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Fig. 1 indica faptul ca exista o legatura buna
intre aceasta densitate si raportul dintre contragere
si umflare pentru speciile lemnoase selectate, care
cresc in Kastamonu. Rezulta clar din acest studiu ca
toate valorile masurate pentru contragere si umflare
scad cu cresterea temperaturii.

CONCLuUzII

In concluzie, a rezultat ca pentru acelasi interval
de timp al unui proces, masa volumica in stare
anhidra si valorile umflarii si contragerii pentru
speciile de lemn selectate au scazut odata cu
cresterea temperaturii. Cea mai mica scadere s-a
obtinut la tratamentul termic la 120°C timp de 2h.
Cea mai mare scadere s-a obtinut pentru tratamentul
la 200°C. Temperatura tratamentului este in stransa

PRO LIGNO

www.proligno.ro

Vol. 7 N°4 2011
pp. 32-38

Fig. 1 indicates that there are good relationship
between owen dry density and shrinkage and
swelling ratios of selected wood species grown in
Kastamonu. It is clear from this study that the value
of all measured shrinkage and swelling values
decreased with increasing temperature.

CONCLUSIONS

In conclusion, it was found that in the same
time process the oven-dry density, swelling and
shrinkage values of the selected wood species
decreased with increasing temperature. The smallest
decrease was observed in the treatment at 120°C for
2h. The largest decrease found was in the treatment
at 200°C. Treatment temperature is highly correlated
with physical properties of selected wood species.

Heat treatment techniques can be considered eco-
friendly technique, because during the process are
involved no chemicals. Because of its good
dimensional stability, heat-treated wood materials
can be used for several purposes, e.g. for garden
furniture, external cladding, musical instruments,
kitchen furniture, paneling, parquets, sauna, doors
and windows frames.

corelatie cu proprietatile fizice ale speciilor de lemn
selectate. Tehnicile de modificare termica a lemnului
se pot considera ecologice, deoarece in timpul
procesului nu se utlizeaza substante chimice.
Datorita stabilitatii dimensionale ridicate, materialele
lemnoase tratate termic se pot utiliza Tn cateva
scopuri, de exemplu pentru mobilier de gradina,
lambriuri  pentru exterior, instrumente muzicale,
mobilier de bucatarie, lambrisare, parchet, sauna,
tocuri de usi si ferestre.
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