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Abstract

The interest in the thermal modification of wood has been increasing in the last decades. The interest may be
induced by various reasons, for example declining production of durable timber, an increasing demand for sus-
tainable building materials, deforestation of especially subtropical forests, or increased introduction of govern-
mental restrictive regulations reducing the use of toxic chemicals. This study focuses on the changes in wood
properties caused by the temperature. Literature recherche was conducted in this review. There are investigated
properties such as mass loss, chemical composition, mechanical properties, optical properties, surface quality and
fire-technical characteristics. Most of the mentioned properties have been investigated thoroughly by many au-
thors, but the research regarding fire properties of thermally modified wood is scarce. This review gives reader
a view on the influence of the thermal modification on selected wood properties.

Keywords: thermal modification; mass loss; chemical composition, mechanical properties, fire-technical
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1 Introduction 1 Uvod
Wood is also used as an engineering and _ Drevo sa pouziva aj ako stavebny a kon-
structural material. Unprotected wood after ex- Struk¢ny material. Nechranené drevo po vysta-

veni vonkaj$im podmienkam podlieha réznym
degradacnym reakcidm sposobenym roéznymi
faktormi Zzivotného prostredia, ako je svetlo,
vlhkost’, teplo, kyslik, zne¢istujtce latky, Skod-
covia atd. [1-3]. Existuji rozne spdsoby
ochrany drevenych c¢asti budov, napr. impreg-
nacia kovovymi nanocasticami [4], insekticidne
osetrenia [5], metabolitmi hub [6] a termickou

posing to outdoor conditions undergoes a vari-
ety of degradation reactions caused by diverse
environmental factors such as light, moisture,
heat, oxygen, pollutants, pests, etc. [1-3]. There
are various ways to protect the wooden parts of
buildings, e.g. nano-metal impregnation [4], in-
secticide treatments [5], fungal metabolites [6],

and thermal modification [7]. modifikaciou [7].

The thermal modification has been used to Termickd modifikacia sa na zlepSenie
improve the properties of wood for nearly a cen- vlastnosti dreva pouziva uz takmer sto rokov
tury [8]. The advantage of the thermal modifi- [8]. Jej vyhoda spoCiva najmd v malom
cation is that the environmental impact of nepriaznivom dopade na Zivotné prostredie [9].
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this process is low [9]. Heat is introduced into
the treatment system and smoke released from
wood during the thermal degradation can be re-
trieved, condensed and purified [10]. At the end
of its lifecycle, heat treated wood can be recy-
cled without detrimental impact on the environ-
ment to the contrary of chemically treated wood
impregnated with biocidal active ingredients
[11]. It is also held that the environmental cre-
dentials of thermally modified wood in terms of
ecotoxicity are superior to that of untreated
wood and may surpass those of several man-
made materials [12]. Among positive changes
in thermally modified wood are improved decay
resistance [13-15], dimensional stability [16],
surface hardness [17, 18], lower equilibrium
moisture content [19, 20], and darker decorative
colour [21-23].

The disadvantage of thermally modified
wood is in deterioration of some of the mechan-
ical properties such as: bending and compres-
sion strengths [24, 25], stiffness and shear
strength [17], modulus of rupture and modulus
of elasticity [7, 26], as well as the mass loss [19,
27].

2 Mass Loss

Mass loss depends on wood species, heating
medium, temperature, and treatment time.

Kacikova et al. [28] treated Norway spruce
wood at the temperature range of 113 °C —
271 °C. They found, that the mass loss in-
creased with the temperature of the treatment,
for example, the mass loss at the temperature of
158 °C was 1.53%, and at the temperature of
271 °C, it was 32.97%.

Gonzalez-Pena et al. [29] investigated changes
in beech (Fagus sylvatica), Scots pine (Pinus
sylvestris) and Norway spruce (Picea abies)
wood after the thermal modification at the tem-
perature range of 190 °C — 245 °C at five treat-
ment times (0.33h, 1 h, 4 h, 8 hand 16 h). Beech
specimens exhibited higher mass loss than soft-
woods at equivalent periods of treatment re-
gardless of the exposure temperature; for the
beech wood the mass loss varied between 0.3%
(0.33h)and 6.7% (16 h) at 190 °C, and between
12.2% (0.33 h) and 27.0% (16 h) at 245 °C, for
the pinewood between 0.6% (0.33 h) and 4.5%
(16 h) at 190 °C and between 5.6% (0.33 h) and
21.5% (16 h) at 245 °C, and for the spruce wood
between 1.1% (0.33 h) and 3.6% (16 h)
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Do systému sa pri termickej modifikacii do-
dava teplo a uvol'nené plynné produkty tepelnej
degradacie sa mozu ziskavat’, kondenzovat a
¢istit' [10]. Na konci svojho Zivotného cyklu
moze byt’ tepelne oSetrené drevo recyklované
bez nepriaznivého vplyvu na Zivotné prostredie
na rozdiel od chemicky upraveného dreva, ktoré
bolo impregnované biocidnymi latkami [11].
Okrem toho je tepelne modifikované drevo
vhodnejsie aj z hl'adiska ekotoxicity ako neoset-
reny material a moze byt’ lepSie aj v porovnani
s niektorymi umelymi latkami [12]. Medzi po-
zitivne zmeny tepelne modifikovaného dreva
patri aj jeho zvySena biologicka odolnost’ [13-
15], rozmerova stabilita [16], tvrdost’ povrchu
[17, 18], nizsia rovnovazna vlhkost’ [19, 20] a
tmavsia dekorativna farba [21-23].

Nevyhodou termicky modifikovaného dreva
mobze byt zhorSenie niektorych jeho mechanic-
kych vlastnosti, napr. pevnost’ v ohybe a v tlaku
[24, 25], tvrdost’ a pevnost’ v Smyku [17], pev-
nost’ v ohybe, modul pruznosti [7, 26], ako aj
ubytok na hmotnosti [19, 27].

2 Ubytok na hmotnosti

Ubytok na hmotnosti zavisi od druhu dre-
viny, prostredia, teploty a ¢asu pdsobenia.

Kacikova et al. [28] termicky upravovali
drevo v rozsahu teplot 113 °C — 271 °C. Zistili,
ze ubytok na hmotnosti vzrastal s teplotou po-
sobenia, napr. pri teplote 158 °C bol 1.53%, a
pri teplote 271 °C dosahoval hodnoty 32,97%.

Gonzalez-Pena et al. [29] sledovali zmeny
bukového (Fagus sylvatica), borovicového
(Pinus sylvestris) a smrekového (Picea abies)
dreva pri termickej modifikacii v rozsahu teplot
190 °C — 245 °C pri rdznych casoch pdsobenia
(0,33 h, 1 h, 4 h, 8 h a 16 h). Bukové vzorky
mali vys§i ibytok na hmotnosti ako ihli¢naté
dreviny bez ohl'adu na ¢as pdsobenia; pri buko-
vom dreve bol tibytok na hmotnosti 0.3% (0,33
h) a 6,7% (16 h) pri 190 °C, a 12,2% (0,33 h) a
27,0% (16 h) pri 245 °C, pri borovicovom dreve
0,6% (0,33 h) a 4,5% (16 h) pri 190 °C, pri tep-
lote 245 °C sa pohyboval medzi 5,6% (0,33 h) a
21,5% (16 h). Pri smrekovom dreve bol v roz-
sahu 1,1% (0,33 h) a 3,6% (16 h) pri 190 °C a
medzi 7,7% (0,33 h) az 26,7% (16 h) pri teplote
245 °C. Autori dospeli k zaveru, ze
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and between 7.7% (0.33 h) and 26.7% (16 h) at
245 °C. These authors concluded that sample
weight is more affected by the temperature of
the treatment than by the time irrespective of the
species under study.

Kucerova et al. [30] treated Silver fir wood
(Abies alba) at the temperature range of 100 °C
— 280 °C for 1 hour. They found the mass loss
in the range of 7.88% (100 °C) — 52.40%
(280 °C).

Mazela et al. [31] treated Scots pine (Pinus
sylvestris) at the temperatures of 160 °C, 190 °C,
and 220 °C during 6 h and 24 h in the air and in
an atmosphere with water vapour. They found
that the mass losses in the presence of air and of
water vapour for 6 h were similar, but with 24 h
the mass losses in the air were higher, especially
for the wood treated at 190 °C and 220 °C.

Kim et al. [32] found a correlation between
the mass loss and the time of the treatment (P)
of radiata pine (Pinus radiata) for several tem-
peratures, with equation (1):

ML(%) = A, + AoIn(P)

where ML is the percent mass loss (%), P is the
heating period (hours), and A; and A, are con-
stants.

3 Chemical Changes

The thermal modification influences the
chemical composition of wood. It was found
that chemical changes are also more influenced
by the treatment temperature than the time [25].

At low temperatures between 20°C -
150 °C, the process of wood drying is
occurring, beginning with the loss of free water
and finishing with bound water, in the tempera-
ture range of 180 °C — 250 °C, the temperature
range commonly used for heat treatments, wood
undergoes important chemical transformations,
and at the temperatures above 250 °C starts the
carbonization processes with the formation of
CO; and other pyrolysis products [8]. It was
found that the pyrolytic decomposition of the
wood in the inert atmosphere occurs at mild
temperatures for hemicelluloses (250 °C —
300 °C) followed by cellulose (300°C -
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na hmotnost’ dreva viac vplyva teplota pdsobe-
nia ako Cas posobenia a druh dreviny.

Kucerova et al. [30] termicky posobili na
jedlové drevo (Abies alba) v teplotnom rozsahu
100 °C — 280 °C pocas 1 hodiny. Ubytok na
hmotnosti bol 7,88% (100 °C) az 52,40%
(280 °C).

Mazela et al. [31] upravovali borovicové
drevo (Pinus sylvestris) pri teplotach 160 °C,
190 °C, a 220 °C pocas 6 h a 24 h vo vzduchu aj
v atmosfére vodnej pary. Zistili, Ze v oboch pro-
strediach boli ubytky na hmotnosti podobné pri
Case poOsobenia 6 h, ale pri 24-hodinovom poso-
beni bol ubytok vy$si vo vzduchu, najmi pri
teplotach upravy 190 °C a 220 °C.

Kim et al. [32] zistili korelaciu medzi ubyt-
kom na hmotnosti a ¢asom pdsobenia (P) pre
borovicové drevo (Pinus radiata) pri viacerych
teplotach, so zavislostou (1):

1)

kde ML je ubytok na hmotnosti (%), P je Cas
posobenia (h), a Az, A2 sl konstanty.

350 °C) and finally lignin (300 °C — 500 °C)
[33].

3 Chemické zmeny

Termickd modifikacia ovplyviuje aj che-
mické zmeny dreva. Tieto zmeny su tieZ viac
ovplyvnené teplotou pdsobenia ako jeho trva-
nim [25].

Pri nizkych teplotach (20 °C — 150 °C) prebieha
suSenie dreva, pricom dochadza k odstraneniu
najskor vol'nej, neskor aj viazanej vody, pri tep-
lotach od 180 °C do 250 °C, ktoré sa bezne po-
uzivaji na termicki modifikdciu, podlicha
drevo vyznamnym chemickym zmenam, a pri
teplotach nad 250 °C zaéina proces karboniza-
cie sprevadzany vznikom CO. a inych py-
rolyznych produktov [8]. Pyrolyticky rozklad
dreva zaina v inertnej atmosfére pri relativne
nizkych teplotach degradaciou hemicelul6z
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Hemicelluloses are degraded by the organic-
acid catalyzed process

Amorphous regions of cellulose are also rap-
idly decomposed, what leads to the molecular
configurations less susceptible to reaction with
water [25, 34]. Acid-catalyzed degradation
leads to the formation of formaldehyde, furfu-
ral, and other aldehydes [16]. Furfural and hy-
droxymethylfurfural are degradation products
of pentoses and hexoses, respectively [35]. At
the same time, hemicelluloses undergo dehy-
dration reactions with the decrease of hydroxyl
groups [36]. The content of polysaccharides de-
creases with the severity of the treatment and
depends on the wood species [8]. Lignin under-
goes depolymerisation in a first, fast stage, and
then repolymerises into a more condensed sub-
stance [8]. Crystalline cellulose is largely unaf-
fected below 300 °C [25, 34].

(250 °C — 300 °C), neskor celulozy (300 °C
— 350 °C) a nakoniec ligninu (300 °C — 500 °C)

— Hemicelluloses

— Cellulose

Wood
|

— Lignin

e Extractives

Fig 1. Chemical changes occurring in the main com
from [
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[33]. Degradaciu hemicelul6z katalyzuju orga-
nické kyseliny.

Amorfné oblasti celulozy sa rozkladaju
rychlo, co vedie ku konfiguracii, ktora je menej
pristupna reakciam v roztoku [25, 34]. Degra-
dacné reakcie v kyslom prostredi vedu k tvorbe
formaldehydu, 2-furaldehydu a d’alich aldehy-
dov [16]. 2-Furaldehyd a 5-hydroxymetyl-2-
furaldehyd su degradacné produkty pentodz,
prip. hex6z [35]. Sucasne hemicelulozy podlie-
haju dehydrata¢nym reakciam, ktoré st spreva-
dzané poklesom hydroxylovych skupin [36].
Mnozstvo polysacharidov klesa v zavislosti od
podmienok pdsobenia a druhu dreviny [8]. V pr-
vej etape termickej upravy nastava depolymer-
zacia ligninu, ktory potom repolymerizuje za
vzniku kondenzovanych Struktar [8]. Krysta-
licka celuldza je pomerne odolné pri teplotach
do 300 °C [25, 34].

Deacetylation
Depolymerization

Dehydratation

Increased crystallinity

Structural changes
Free molecules
Condensation reactions

Cross-linking

Volatile organic compounds emissions

New compounds

onent of wood due to heat treatment (adapted
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4 Mechanical Properties

One of the main disadvantages of heat-
treated wood is the decrease of some mechani-
cal properties, which makes this wood

unsuitable for some structural uses. The reduc-
tion depends on wood species and process con-
ditions [8]. The modulus of elasticity seems to
increase for softer treatments and decrease for
more severe treatments [8]. Esteves et al. [19]
found that in steam heat-treated pine (Pinus pi-
naster) and eucalypt (Eucalyptus globulus)
wood the change in modulus of elasticity was
small (maximum decrease of 5% for pine and
15% for eucalypt) but the bending strength was
reduced significantly (by 40% at 8% mass loss
for pine and 50% at 9% mass loss for eucalypt
wood).

Kim et al. [32] studied the effect of the ther-
mal treatment at the temperatures of 120 °C,
150 °C, and 180 °C during 4 hours to 96 hours
on the bending properties of radiata pine (Pinus
radiata) sapwood. Residual MOR of dry sam-
ples treated at 120 °C for 12 hours was 98.9%,
and at 180 °C for 20 hours it was 72.1%. For
green samples treated at 120 °C for 12 hours,
residual MOR was 89.2%, and at 180 °C for 20
hours it was 68.5%. Residual MOE decreased
less significantly. For dry samples treated at
120 °C for 12 hours it was 93.2%, and at 180 °C
for 20 hours it was 91.7%. For green samples
treated at 120 °C for 12 hours residual MOE
was 94.6%, and at 180 °C for 20 hours it was
86.8%. They also found a correlation between
the mechanical properties and the heat treatment
conditions, expressed by equations (2) and (3).

RPB(%) = B2 — BO(1 — e~(B1M)
RPB(%) = Ale4?F

where RPB is the percent residual bending prop-
erties (%), P is the heating period (hours), and
Al, A2, BO, B1 and B2 are the parameters.

The decrease of the mechanical properties of
the thermally modified wood was also described
by many other authors [26, 28, 30].
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4 Mechanické vlastnosti

Jednou z hlavnych nevyhod termicky upra-
veného dreva je pokles niektorych mechanic-
kych vlastnosti, ¢o ho znevyhodiiuje

pri jeho pouziti na konstrukéné ucely. Zhorsenie
tychto vlastnosti zavisi od druhu dreviny a pod-
mienok upravy [8]. Modul pruznosti vzrasta pri
miernejsich podmienkach a klesa pri drasticke;j-
Som podsobeni [8]. Esteves et al. [19] zistili pri
uprave borovicového (Pinus pinaster) a euka-
lyptového (Eucalyptus globulus) dreva len malé
zmeny modulu pruznosti (maximalny pokles o
5% pre borovicu a 15% pre eukalyptus), ale
pevnost’ v ohybe bola zniZzena vyznamne (o
40% pri 8% ubytku na hmotnosti pre borovicu
a 50% pri 9% ubytku na hmotnosti pre euka-
lyptus).

Kim et al. [32] sktimali vplyv termickej
upravy pri teplotdch 120 °C, 150 °C a 180 °C a
trvani 4 az 96 hodin na ohybové vlastnosti be-
Iového borovicového dreva (Pinus radiata).
Vysledné hodnoty MOR suchych vzoriek upra-
vovanych 12 h pri 120 °C klesli oproti pdvod-
nym na 98,9% a na 72,1% pri teplote 180 °C po-
¢as 20 hodin. Pri vlhkych vzorkach upravova-
nych 12 h pri 120 °C bol pokles na 89,2% a na
68,5% pri teplote upravy 180 °C pocas 20 ho-
din. Pokles hodnét MOE bol menej vyrazny.
Vysledné hodnoty MOE suchych vzoriek upra-
vovanych 12 h pri 120 °C klesli oproti povod-
nym na 93,2% a na 91,7% pri teplote 180 °C
poc¢as 20 hodin. Pri vlhkych vzorkach upravo-
vanych 12 h pri 120 °C bol pokles na 94,6% a
na 86,8% pri teplote upravy 180 °C pocas 20
hodin. Bola zistena korelacia medzi mechanic-
kymi vlastnostami a podmienkami termickej
upravy, vyjadrena rovnicami (2) a (3).

()
3)

kde RPB je hodnota vysledna hodnota ohybo-
vych vlastnosti (%), P je doba ohrevu (h), a A1,
A2, BO, B1 a B2 st parametre.

Pokles pevnostnych vlastnosti termicky mo-
difikovaného dreva bol pozorovany aj inymi au-
tormi [26, 28, 30].
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Boonstra et al. [37] studied the reasons for deg-
radation of mechanical properties of thermally
modified wood. They stated, that the degrada-
tion of hemicelluloses is the major factor for the
loss of mechanical strength, affecting especially
bending and tensile strength, but also the crys-
tallization of amorphous cellulose might play an
important role. Polycondensation reactions of
lignin resulting in cross-linking, are proposed as
having a positive impact mainly in the longitu-
dinal direction. A close relationship between
hemicellulose content and bending strength was
also reported by other authors [7, 38].

5 Optical Properties

Colour is the very important property of
wood for the final product, and in some cases, it
is the determining factor for the selection of a
specific wood since the visual decorative point
of view is often prevailing [8]. Most researchers
use CIELab system to determine the colour
changes. The advantage of this system is that it
is similar to human vision and very useful for
camera or scanner imaging editing.

Kacikova et al. [28] studied the effect of the
thermal treatment on colour changes in Norway
spruce (Picea abies) wood. They found that sur-
face colour of samples at the temperature of 221
°C was light brown, then brown to dark brown.
At the temperature of 271 °C, the samples were
black with a carbonized surface. Chen et al. [39]
found that the black locust (Robinia pseudoaca-
cia) wood flour changed its color characteristics
in terms of L*, a*, and b* values when sub-
jected to heat treatment; the initial L* value for
control was 66.9, heat treatment induced a sig-
nificant decrease in L* values, measured at 42.8
(in oxygen) and 54.2 (in nitrogen), when the in-
itial moisture content was 0%, the a* values in-
creased while b* values decreased after heat
treatment. Similar results were observed for Pe-
dunculate oak (Quercus robur), Scotch pine
(Pinus sylvestris), and Silver birch (Betula ver-
rucosa) treated at temperatures 160 °C, 180 °C,
210 °C, and 240 °C [40].

Chen et al. [39] explained an increase of Aa*
by condensation of proanthocyanidin, lignin
and other related extractives under low pH on
the heat, and that the byproducts thus formed
absorb the complementary light of reddish col-
our and contribute to the red colour of the wood.

Delta 2018, 12(1):33-43.
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Boonstra et al. [37] zistovali pri¢iny zhorSo-
vania mechanickych vlastnosti termicky modi-
fikovaného dreva. Uvadzaju, ze degradacia he-
miceluloz je hlavaym faktorom sposobujucim
stratu mechanickych vlastnosti, najmé pevnosti
v ohybe a pevnosti v tlaku, ale takisto krystali-
zacia amorfnej celulozy mdze zohravat vy-
znamnu ulohu. Kondenzacné reakcie ligninu
vedice k jeho zosietovaniu mo6zu mat’ pozi-
tivny vplyv, najmi v pozdiznom smere. Vy-
znamné korelacie medzi mnozstvom hemicelu-
16z a pevnostou v ohybe zistili aj ini autori [7,
38].

5 Optické vlastnosti

Farba je vel'mi dolezita vlastnost’ dreva v
jeho finalnych produktoch a v niektorych pripa-
doch mdze byt rozhodujucim faktorom pre vy-
ber dreviny, ked’Ze vizualne hl'adisko je casto
rozhodujuce z estetického hladiska [8]. Vacsina
vyskumnikov pouziva CIELab systém na sledo-
vanie farebnych zmien. Vyhodou tohto systému
je jeho podobnost’ s Tudskym videnim a je tieZ
vhodné na spracovanie kamerou alebo skene-
rom.

Kacikova et al. [28] studovali vplyv termic-
kej upravy na farebné zmeny smrekového dreva
(Picea abies). Zistili, Ze pri zvySujucej sa tep-
lote do 221 °C sa farba menila od slabo hnedej
az po tmavohnedu. Pri teplote 271 °C boli
vzorky cierne so zuholnatenym povrchom.
Chen et al. [39] skamali farebné zmeny ter-
micky upravené¢ho agatového dreva (Robinia
pseudoacacia) hodnotami L*, a*, and b*. Po-
¢iato¢na hodnota L* bola 66,9, termicka uprava
sposobila jej vyznamny pokles na 42,8 (v kys-
liku) a na 54,2 (v dusiku) pri nulovej pociatoc-
nej vihkosti. Hodnota a* vzrastala a hodnota b*
klesala vplyvom zvySenej teploty. Podobné
zmeny boli pozorované pri dubovom (Quercus
robur), borovicovom (Pinus sylvestris) a brezo-
vom (Betula verrucosa) dreve, ktoré boli upra-
vované pri teplotach 160 °C, 180 °C, 210 °C a
240 °C [40].

Chen et al. [39] vysvetl'uju vzrast 4a* kon-
denzaciou proantokyanidinu, ligninu a niekto-
rych extraktivnych latok vplyvom tepla pri niz-
kych hodnotach pH, pricom vznikajtice vedlaj-
Sie produkty absorbuji doplnkové Ziarenie Cer-
venej frby a tym prispievaju k Cervenému zafar-
beniu dreva. V pritomnosti vody kombinacia
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In the presence of water, combining high tem-
perature and oxygen atmosphere, heating gen-
erally induces hydrolysis reactions in wood,
which could result in the formation of lower
molecular weight yellow phenolic substances,
such as flavonoids, which results in a decrease
of Ab*. Their results suggested that oxygen as
an oxidation medium plays a vital role in the
darkening of wood during heat treatment. The
decrease in lightness (L*) indicates that many
components absorbing visible light are formed
during heat treatment.

In general, colour could be used for predict-
ing the properties of heat-treated wood. Todo-
rovic et al. [41] observed that the majority of
examined properties had a linear correlation
with AL* and AE*, while AE* was a better pre-
dictor for all properties, except for density of
heartwood. Candelier et al. [11] reviewed the
prediction of the durability of heat treated wood
by colour measurement.

9 Surface Quality

The thermal modification also improves the
surface quality of wood. This property is im-
portant in relation to wood flammability [8].
Priadi and Hiziroglu [42] treated Ceylon cedar
(Melia azedarch), mahogany (Swietenia macro-
phyla), red oak (Quercus falcate), and Southern
pine (Pinus taeda) wood at 130 °C and 200 °C
for 2 h and 8 h. They observed that the oak
showed the roughest surface with an average Ra
value of 12.3 um. Exposing the samples to the
temperature of 130 °C for 2 h resulted in only
4.4% improvement in their R, values. All spec-
imens kept in the oven at 130 °C for 8 h had
smoother surface quality. Average roughness
values of the samples exposed to the tempera-
ture of 200 °C for 8 h had values lower about
17.8% than those of control samples. Eastern
red cedar samples exposed to 190 °C for 8 h
showed 85% lower values for above corre-
sponding comparison.

Bakar et al. [17] reported that the surface
quality of red oak (Quercus rubra), Eastern red
cedar (Juniperus virginiana), and rubberwood
(Hevea brasiliensis) treated at the temperatures
of 120 °C and 190 °C for 2 h and 8 h improved
with the increasing temperature and the expo-
sure time. Among the average of surface rough-
ness measurements for three species, red oak
had the roughest surface quality, followed by
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vysokej teploty a oxidacnej atmosféry sposo-
buje hydrolyzne reakcie v dreve, ¢o moze viest
k vzniku nizkomolekulovych fenolickych latok,
napr. flavonoidov a vysledkom je pokles A4b*.

Tieto vysledky naznacuju, ze kyslik ako oxi-
da¢né médium hra dolezitt tlohu pri tmavnuti
dreva pocas jeho tepelnej Upravy. Pokles svet-
losti (L*) poukazuje na vznik mnohych zliéenin
absorbujucich viditeI'né Ziarenie pocas termic-
kej modifikacie dreva.

Zmeny farby mozu byt pouzité pre odhad
vlastnosti termicky upraveného dreva. Todoro-
vic et al. [41] zistili, Ze sledované vlastnosti
maju linearnu korelaciu s AL* a AE*, pricom
AE* vykazovalo lepsiu korelaciu so vSetkymi
vlastnostami, okrem hustoty jadrového dreva.
Candelier et al. [11] skamali zavislost’ medzi tr-
vanlivost'ou termicky upraveného dreva a zme-
nami farby.

9 Kvalita povrchu

Termicka modifikacia takisto zlepSuje kva-
litu povrchu dreva. Tato vlastnost’ je dolezita aj
pri odolnosti voci jeho horlavosti [8]. Priadi
a Hiziroglu [42] upravovali cédrové (Melia aze-
darch), mahagoénové (Swietenia macrophyla),
dubové (Quercus falcate) a borovicové (Pinus
taeda) drevo pri teplotach 130 °C a 200 °C po-
¢as 2 a 8 hodin. Zistili, Ze dubové drevo malo
najdrsnejsi povrch s hodnotou Ra 12,3 pm.
Uprava pri teplote 130 °C pocas 2 h ho zlepsila
len 4,4%. VSetky vzorky upravené pri teplote
130 °C pocas 8 h mali hladsi povrch. Priemerné
hodnoty vzoriek upravenych pri teplote 200 °C
pocas 8 h mali nizSie hodnoty o 17,8 % ako kon-
trolné vzorky. Cédrové drevo upravené pri tep-
lote 190 °C pocas 8 h malo o 85 % nizSie hod-
noty v porovnani s predchadzajiucimi.

Bakar et al. [17] uvadzaju, ze kvalita po-
vrchu dubového (Quercus rubra), cédrového
(Juniperus virginiana) a kau¢ukového (Hevea
brasiliensis) dreva upravovaného pri teplotach
120 °C a 190 °C pocas 2 a 8 h sa zlepSovala so
vzrastajucou teplotou a dlh§im trvanim upravy.
Dubové drevo malo najdrsnejsi povrch
(9,93 um), hlads$i povrch mal kaucukovnik
(4,57 um) a najhladsi cédrové (2,60 um).

Podl'a Bakara et al. [17] zlepSenie kvality
povrchu dreva upravovaného pri vyssich teplo-
tach a dlhsich Casoch posobenia moze mat’ su-
vislost’ so zmenami v biochemickom zloZeni
bunkovych stien.
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rubber wood and Eastern red cedar with average
values of 9.93 pum, 4.57 um and 2.60 um, re-
spectively.

Bakar et al. [17] stated, that the enhanced
surface quality of the wood exposed to a higher
temperature for a longer period of time could
possibly be related to the changes of biochemi-
cal constituents in the cell wall.

10 Fire-technical Characteristics

Research on the influence of the thermal
modification on fire-technical characteristics is
scarce.

According to the Termowood Handbook
[43] the rate of the heat release level (RHR) of
the heat-treated pine was about 10 kW greater
than that of the untreated pine, in the total heat
rate (THR), an increase of about 15% due to the
heat treatment was observed, smoke production
was roughly doubled, and the ignition time was
shortened by 30%. However, they stated that
ThermoWood does not differ significantly from
normal wood when it comes to fire safety and
that ThermoWood is in fire class D.

Cekovska et al. [44] studied the behaviour of
the spruce wood treated at the temperatures of
160 °C, 180 °C, and 210 °C after the exposure
to the direct flame. They found, that the open-
flame burning caused a lower mass loss in the
thermally modified spruce wood than in the un-
treated wood. After the direct flame was re-
moved from the wood 10 min to 15 min into the
test, there was no after-flame, and the mass loss
was minimal, up to 0.54%.

Cekovska et al. [45] found that the same
treatment of teak wood (Tectona grandis)
caused the greater mass loss in open flame burn-
ing than in the untreated wood. Also, they found
that thermally treated teak wood at all tempera-
tures has higher burn rates than untreated wood.
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10 Poziarno-technické vlastnosti

Vplyv termickej modifikdcie na poziarno-
technické vlastnosti dreva je v sucasnosti stale
nedostato¢ne preskiumany.

Podl'a Thermowood Handbook [43] uroveii
rychlosti uvolfiovania tepla (RHR) tepelne
upravené¢ho borovicového dreva bola asi
0 10 kW vicsia ako pri pdvodnom dreve, cel-
kové uvolnené teplo (THR) vzrastlo asi o 15%,
tvorba dymu bola priblizne dvojnasobna a Cas
vznietenia sa skratil asi 0 30%. Autori uvadzaju,
7ze ThermoWood sa vyznamne neli$i od bez-
ného dreva, pokial’ ide o poziarnu bezpecnost’ a
ze ThermoWood je v poziarnej triede D.

Cekovska et al. [43] skamali zmeny smreko-
vého dreva upraveného pri teplotich 160 °C,
180 °C a 210 °C po jeho vystaveni priamemu
plameiiu. Zistili, ze pdsobenie otvoren¢ho pla-
mena sposobilo mensi tbytok na hmotnosti v
termicky upravenom dreve ako v povodnom. Po
odstraneni priameho plamena z dreva 10 min az
15 minut testu nedoslo k Zziadnemu spitnému
vzplanutiu a straty na hmotnosti boli minimalne
, menej ako 0,54%.

Cekovska et al. [44] pri rovnako upravenom
tikovom (Tectona grandis) zistili vacsi ubytok
na hmotnosti pri poésobeni priameho plamena
ako v pripade neupravené¢ho dreva. Tikové
drevo modifikované pri vsetkych teplotach
malo vys$$iu rychlost’ horenia v porovnani s ne-
upravenym drevom.
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