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ABSTRACT • The paper gives an overview of chemical changes during heat treatment of wood and their influ-
ence on environment. Wood is one of the most used building materials because of its physical and technological 
properties. Various procedures improve its properties, and due to its environmental acceptability, heat treatment 
of wood is one of the most commonly used. Heat treatment causes changes in the cell walls and degradation of 
the main components of the wood structure (cellulose, hemicelluloses, lignin) and extractives. Hemicelluloses, as 
the most unstable components, are broken down first, followed by cellulose and finally lignin. Degradation results 
in a change in chemical composition and chemical reactions of colour change causing a technological problem 
because wood processing tends to make the colour as uniform as possible. The uniformity of colour and the de-
sired colour tone are obtained by the process of steaming and thermal modification. The processing temperature 
is the most important factor that causes all the changes. Due to its wide use, need has arisen to investigate the 
ecological consequences of such a heat treatment process, as well as the impact of harmful substances and types 
of compounds released during the process and their toxicity.
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SAŽETAK • U radu je naveden pregled kemijskih promjena tijekom procesa toplinske obrade drva te njihova utje-
caja na okoliš. Zbog svojih fizikalnih i tehnoloških svojstava drvo je jedan od najčešće upotrebljavanih građevnih 
materijala. Njegova se svojstva poboljšavaju raznovrsnim postupcima, a toplinska je obrada drva zbog njezine 
ekološke prihvatljivosti jedna od najzastupljenijih metoda obrade. Pri toplinskoj obradi drva dolazi do promjena 
u staničnim stijenkama drva i do razgradnje njegovih glavnih gradivnih komponenata (celuloza, hemiceluloze 
i lignin) i ekstraktivnih tvari. Hemiceluloze se kao najnestabilnije komponenete razgrađuju prve, zatim slijedi 
razgradnja celuloze te, na kraju, lignina. Razgradnja rezultira promjenom kemijskog sastava drva i kemijskim re-
akcijama promjene boje, što je tehnološki problem jer se pri preradi drva teži tome da boja bude što ujednačenija. 
Stoga se ujednačavanje boje i željeni ton nastoje postići procesom parenja i pregrijavanja drva. Najvažniji činitelj 
koji uzrokuje sve promjene jest temperatura obrade drva. Zbog vrlo česte primjene toplinske obrade drva namet-
nula se potreba za istraživanjem ekoloških posljedica tog postupka, pri čemu se istražuje i utjecaj nusprodukata i 
vrsta spojeva koji se oslobađaju za vrijeme tog procesa, kao i toksičnost oslobođenih spojeva.

KLJUČNE RIJEČI: obrada drva toplinom; toplinski obrađeno drvo; drvne komponente; promjena boje drva; 
ekologija
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1  INTRODUCTION
1.  UVOD

Wood is one of the most common construction 
materials with very good aesthetic, acoustic, thermal 
and mechanical properties; but with some disadvan-
tages, such as dimensional anisotropic instability due 
to hygroscopicity and low durability. In order to im-
prove these properties, heat treatment of wood is per-
formed, which due to its environmental acceptability 
has become a better option compared to chemical mod-
ification (which is also very commonly used). Heat 
treatment of wood is a process in which the chemical 
structure of cell walls changes only in the presence of 
heat, pressure and moisture, in an oxygen-poor envi-
ronment, without the addition of chemicals. When the 
structure is modified, there are changes such as reduced 
affinity for water, improved dimensional stability, 
greater resistance to biodegradation, uniform changes 
in colour to darker tones. At the same time there are 
negative changes such as reduced mechanical proper-
ties, the appearance of cracks and light induced discol-
oration. The process consists of drying, steaming and 
thermal modification. Prolonged thermal modification 
process increases dimensional stability and durability 
of wood, but at the same time reduces density and me-
chanical properties (except hardness). That results in 
brittleness and increased cracking. By prolonging the 
duration of process and due to chemical changes, the 
colour of the wood also changes. The observed chang-
es in the structure of cell walls can mainly be attributed 
to the degradation of hemicelluloses because they are 
thermally less stable than cellulose, while lignin de-
composes over a broad range of temperatures. The oc-
currence of colour changes and its chemistry is a very 
complex phenomenon and has been researched for a 
long time. In heat treatment, drying is used to prevent 

discoloration, while in the case of steaming and ther-
mal modification, changes are deliberately induced, 
especially in species with false heartwood. Prolonged 
exposure to heat darkens the wood (which is often the 
aim) or equalizes the colour of the false heartwood and 
the surrounding wood material. With some types of 
wood, steaming can cause side effects such as reduced 
strength or appearance of cracks, and in that case cook-
ing treatment is applied (Pervan et al., 2008).

In general, heat treatment of wood can be defined 
as a process that improves its current properties or al-
ters the wood in such a way that it gains new proper-
ties. At the end of its life, such wood should not repre-
sent a danger to the environment greater than 
unmodified wood (Hill, 2006). Treated wood should be 
non-toxic and should not emit any hazardous substanc-
es during processing or in later stages of use. Due to 
the increasing use, there is a need to research the im-
pact of harmful substances from such processes on the 
environment and ecology in general.

2   CHANGES AND DEGRADATION  
OF MAIN CHEMICAL COMPONENTS

2.   PROMJENE I RAZGRADNJA GLAVNIH 
KEMIJSKIH KOMPONENATA

Heat treatment causes changes in the cell wall 
polymers structure, influencing their properties and it 
also directly affects the chemical degradation of wood, 
i.e. the degradation of its main components (hemicellu-
loses, cellulose, lignin) and extractives (Figure 1). 
Chemical changes caused by heat depend on the dura-
tion and temperature of the treatment, where tempera-
ture is the main factor (Bourgois et al., 1989). At tem-
peratures between 20 and 100 ºC, the wood is dried, 
starting with the loss of free water and ending with the 
loss of bound water until desired moisture content (MC) 

wood
drvo

hemicelluloses
hemiceluloze

cellulose
celuloza

lignin
lignin

extractives
ekstraktivne tvari

deacetylation
deacetilacija

depolymerization
depolimerizacija

dehydration
dehidracija

increased
crystallinity

povećana
kristalnost

structural changes
promjene u strukturi

free moleculas
slobodne molekule

condensation reactions
reakcija kondenzacije

cross-linking
unakrsno povezivanje

VOC emissions
HOS emisija

new compounds
novi spojevi

Figure 1 Chemical changes occurring in the main components of wood due to heat treatment (Esteves and Pereira, 2009)
Slika 1. Kemijske promjene glavnih komponenata drva prouzročene toplinskom obradom (Esteves and Pereira, 2009.)
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is achieved. At 180 to 250 ºC, which is commonly used 
for heat treatment, wood undergoes major chemical 
transformations, and at temperatures above 250 ºC the 
charring process begins with the formation of CO2 and 
other pyrolysis products (Esteves and Pereira, 2009).

Kubovský et al. (2020) performed thermal modi-
fication of wood at temperatures from 160 to 210 °C 
and concluded that the higher the processing tempera-
ture, the better the durability, stability and biological 
properties of wood became (except for the mechanical 
properties that are lowered in such conditions). FT-IR 
analysis and HPLC revealed that heat treatment leads 
to an increase in the number of carboxyl groups in 
lignin with splitting of aliphatic side chains and dem-
ethoxylation. Degradation of hemicelluloses results in 
deacetylation, and the acetic acid released catalyses the 
hydrolysis of polysaccharide chains. This process is 
more visible at a temperature of 180 °C, which leads to 
a decrease in molecular weight and an increase in poly-
dispersity. In addition to the splitting of polysaccharide 
chains, crosslinking reactions take place at  
210 °C, with an increase in molecular weight and poly-
dispersity. Fengel and Wegener (1984) state that the 
hemicelluloses are the most sensitive of the structural 
components to thermal degradation, as they are the first 
to degrade at temperatures of 160 to 260 °C. The rea-
son for this is their low molecular weight and branched 
structure, which helps faster degradation compared to 
other components present in wood. However, Funaoka 
et al. (1990) observed that the degradation of hemicel-
luloses begins as early as 100 °C, with the cellulose 
and lignin contents remaining constant up to 150 °C. 
Degradation of cellulose results in reduction of hy-
droxyl groups and the formation of O-acetyl groups. 
By subsequently creating cross-links between the 
wood fibres, the wood becomes more hydrophobic. At 
the same time, cellulose is degraded to form acetic and 
formic acid, and the lignin ratio increases as extracted 
substances from hemicelluloses and cellulose bind to it 
(Alén et al., 1996; Gailliot, 1998). The crystallinity of 
cellulose is increased by thermal modification up to 
200 °C due to the degradation of its amorphous part, 
which is not only related to temperature but also to the 
duration of heat treatment, and results in reduced avail-
ability of hydroxyl groups to water molecules (Wik-
berg and Maunu, 2004; Yildiz and Gümüskaya, 2007). 
Mitsui et al. (2008) suggested that hydroxyl groups in 
cellulose degrade in the following order: amorphous, 
semi-crystalline, and crystalline regions. Acetic and 
formic acid, formed during the heat treatment, increase 
the hydrolysis of hemicelluloses and cellulose, while 
the degree of polymerization of polysaccharides de-
creases (Kačíková et al., 2013; Nuopponen et al., 
2004). Degradation of lignin is visible at lower tem-
peratures but takes place at a lower rate than other 

polysaccharides, while at higher temperatures there is a 
condensation reaction and an increase in molecular 
weight. In a study conducted by Bourgois and Guyon-
net (1988) on maritime pine (Pinus pinaster), the re-
sults showed that lignin content at the same tempera-
ture increased when longer process duration was 
applied. The same results were reported for other spe-
cies by Zaman et al. (2000) and Esteves et al. (2008b). 
Kotilainen (2000) and Manninen et al. (2002) conduct-
ed a research on heat-treated hornbeam (Carpinus bet-
ulus L.) and Turkish fir (Abies bornmuelleriana Mat-
tf.), where the contents of hemicelluloses significantly 
decreased with increasing temperature and duration of 
treatment. The reduction in hemicelluloses content was 
found to be greater than in cellulose content. A signifi-
cant reduction in hemicelluloses content began at tem-
peratures above 180 °C. Due to the structural heteroge-
neity of hemicelluloses, it is difficult to detect their 
behaviour under the influence of heat. Xylan (pen-
tosan) is the most reactive wood hemicellulose, and 
pentosans are generally very sensitive to degradation 
and dehydration reactions. For example, the content of 
pentosan in pine wood treated for 7 hours at 130 °C 
decreased from 11 % to 9.1 % (Potutkin and Shirayena, 
1975). As stated, the cellulose content was reduced 
compared to the control sample, but to a lesser extent 
compared to hemicelluloses. The largest and the small-
est changes in cellulose content in all heat treatments 
were found at 170 °C for 4 hours and at 210 °C for 12 
hours (Tumen et al., 2010). By increasing the tempera-
ture above 200 °C, thermal degradation of cellulose 
and the formation of volatile products take place rap-
idly (Manninen, 2002; Fengel and Wegener, 1989). 
Kotilainen (2002) concluded that the most intensive 
thermal degradation takes place in the temperature 
range from 200 °C to 260 °C. The lower thermal stabil-
ity of hemicelluloses compared to cellulose is usually 
explained by a lack of crystallinity.

Changes in cell walls and individual chemical 
components of wood also lead to changes such as dis-
coloration. Pervan et al. (2006) and Koch (2008) state 
that it is one of the most common phenomena that oc-
curs during steaming and drying of wood. It is assumed 
that the main factors involved in the chemical reactions 
are oxidation and condensation of phenolic compounds 
(Wengert, 1990), but colour changes can also be caused 
by hydrolysis, although in many cases the reasons are 
unknown. Investigating the influence of hemicellulos-
es, lignin and extractives on the colour, Sundqvist and 
Moren (2002) found that extractives are involved in the 
formation of colour during hydrothermal wood pro-
cessing. This was also proven by Wiberg (1996) in his 
study of Scots pine (Pinus sylvestris) and Norway 
spruce (Picea abies). The results showed that during 
the drying process the extractives move towards the 
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surface, making it redder, while the substances that 
give a yellow colour remain inside. The above authors 
conclude that this colour change is due to the concen-
tration of low molecular weight carbohydrates and ni-
trogen on the surface during wood drying. Similar re-
sults were obtained by Sandoval-Toress et al. (2012) 
for vacuum-dried samples of oak (Quercus robur L.). 
They concluded that saturation increases with increas-
ing temperature and that the yellow hue is increased by 
the thermal effect, with red hue associated with extrac-
tives. Colour changes were measured on the surface 
because substances such as sugars, phenols, antioxi-
dants and others move from the centre to the surface 
layer of wood by evaporating water and are retained 
there. According to White and Dietenberger (2001), 
heat darkening of wood is caused by thermal degrada-
tion of hemicelluloses and lignin and can start at tem-
peratures below 65 °C (depending on wood pH, mois-
ture content, heating medium and exposure period and 
wood type). Kosikova´ et al. (1999) used 13C CP MAS 
NMR (carbon cross polarization magic angle spinning 
nuclear magnetic resonance) spectroscopy to charac-
terise structural changes in cell wall polymers during 
drying and determined partial depolymerisation of 
lignin and changes in amorphous and crystalline parts 
of cellulose. This happened when wood was treated 
with superheated steam at a temperature of 135 °C, 
which also affected the colour change. Pervan et al. 
(2008) state that the heating is known to reduce sap-
wood brightness (in all species), with varying intensity, 
depending on the humidity, temperature and duration 
of the process. The influence of the cooking process on 
the colour change of walnut was studied by Charrier et 
al. (1998). The colour of sapwood changed in parallel 
with the duration of the process, with the decrease in 
the value of brightness following the increase of the 
value of the red component. Brauner and Conway 
(1964) also studied the colour change in walnut and 
stated that the black walnut (Juglans nigra) sapwood 
changes colour after 4 to 6 hours of steaming at 100 to 
120 ° C. In this particular case the darkening was uni-

form in width and depth. Gray (1961); Hon (1981); 
Haluk et al. (1991); Klumpers et al. (1994); Abe et al. 
(1994); Hon and Shiraishi (2000); White and Dieten-
berger (2001); Sundqvist (2002); Alén et al. (2002); 
Charrier et al. (2002); Koch et al. (2003); Stenudd 
(2004); Thompson et al. (2005); Rowell (2006) sug-
gest that the main colour change reactions due to wood 
steaming are oxidation, hydrolysis, polymerization of 
phenolic compounds, enzymatic reactions, and thermal 
degradation of lignin and hemicelluloses.

3  ENVIRONMENTAL ISSUES
3.  EKOLOŠKA PROBLEMATIKA

The increasing use of heat-treated materials has 
made it necessary to investigate the impact of harmful 
substances of such treatments on the environment, es-
pecially on the possible formation of ozone in the low-
er atmosphere or tropospheric ozone that adversely af-
fects humans, animals and plants. The toxicity of 
harmful substances was studied, and the types of com-
pounds released during the process were listed. World-
wide standards set strict limits on emissions of volatile 
organic compounds that occur during wood drying 
(Zwick et al., 1997). In Croatia, these restrictions are 
currently prescribed by the Regulation on limit values 
for air pollutants from stationary sources [NN 42/2021] 
and the Regulation on limit values for exposure to haz-
ardous substances at work and on biological limit val-
ues [NN 13/2009]. Exposure limit values are average 
concentrations of substances (gases, vapours, aerosols, 
dusts) in the air at the workplace in the breathing zone 
of workers at a temperature of 20 °C and air pressure of 
1013 mbar, which according to current knowledge do 
not cause damage to health in everyday eight-hour 
work time. Table 1 shows the exposure limit values for 
substances that are most often produced by heat treat-
ment of wood, the possible hazards they cause and 
their harmful effects.

Studies on volatile organic compounds (VOCs) in 
the atmosphere have shown that atmospheric chemistry 

Table 1 Exposure limit values for harmful substances from heat treatment of wood [NN (42/2021)]
Tablica 1. Granične vrijednosti izloženosti štetnim tvarima zbog termičke obrade drva [NN 42/2021]

Substance 
Tvar

Exposure limit values, mg/m3

Granična vrijednost izloženosti, mg/m3
Hazards and harmful effects 
Opasnost i štetno djelovanje

Acetaldehyde 
acetaldehid 90

Irritating / nadražujuće 
Extremely flammable / vrlo zapaljivo 

Carcinogenicity / kancerogeno
Formaldehyde 
formaldehid 2.5 Very toxic / vrlo otrovno 

Carcinogenicity / kancerogeno

Methanol/ 
metanol 260

Very toxic / vrlo otrovno 
Harmful to skin / štetno djelovanje kroz kožu 

Highly flammable / lako zapaljivo
Formic acid / mravlja kiselina 9 Corrosive / nagrizajuće
Acetic acid / octena kiselina 25 Corrosive / nagrizajuće
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is complex and that their degradation and transformation 
reactions can occur in the gas and water phases (Gros-
jean et al., 1992; Faust, 1994). Organic extracts emitted 
during the wood drying process include terpenes, meth-
anol, acetic acid, formaldehyde, resin acids and fatty 
acids (McDonald et al., 1999b). In conventional wood 
drying kiln, such compounds are released into the at-
mosphere, and the resulting blue haze and unpleasant 
odours can cause concern for the environment and in 
some cases health problems (Cronn et al., 1983). Harley 
and Cass (1994) indicate that some toxic compounds 
found in ambient air are formed in the atmosphere as 
oxidation products of other volatile organic compounds, 
and those oxidation products are, for example, α-pinene, 
formaldehyde, acetone, pinonaldehyde, and glyoxal 
(Grosjean et al., 1992). Terpenes have also been found 
to react rapidly with ozone, hydroxyl or nitrate radicals 
to give various organic compounds. McDonald et al. 
(2002) conducted a research on pine and found that vol-
atile components condense with water vapour during the 
vacuum drying process. Those VOCs were mainly 
monoterpenes, methanol, formaldehyde, furfural and 
diterpenes. Additionally, it was observed that the amount 
of oxygen and carbon suggest that it is necessary to re-
duce the concentration of organic compounds. Bicho et 
al. (1966) also found harmful substances such as formic, 
acetic and levulinic acid, furfural, hydroxymethyl-fur-
fural, formaldehyde and acetaldehyde in the analysis of 
condensates at vacuum drying of ash, beech and oak. 
The analysis of condensate, obtained during the drying 
of California pine (Pinus radiata) in an experimental 
vacuum dryer, showed that the condensate contained 10 
% monoterpenes, and alcoholic monoterpenes (endob-
orneol, α-terpineol and 1,4-terpineol), methanol, acetic 
acid, formaldehyde, furfural and diterpenes were found 
as organic compounds. The values of BOD (a measure 
of the amount of oxygen required by bacteria to decom-
pose organic components present in water/wastewater) 
and COD (chemical oxygen demand; i.e. the total meas-
urement of all chemicals (organic and inorganic) in wa-
ter/wastewater), for experimental condensate from vac-
uum kiln dryer indicate the fact that before the condensate 
is discharged, its treatment will be required in order to 
reduce the concentration of organic compounds (Mc-
Donald et al., 1999). According to Mayes and Oksanen 
(2002), VOC emissions from heat-treated wood are low-
er than from air-dried wood, as terpene emissions such 
as pinene, camphene and limonene during drying of un-
treated wood are higher than for treated wood. Similar 
results were obtained by Manninen et al. (2002), whose 
results show that VOC emissions from air-dried white 
pine (Pinus sylvestris) were about eight times higher 
than those of heat-treated wood and consisted of 
α-pinene, 3-carnene, hexanal, 2-furancarboxaldehyde, 
acetic acid and 2-propanone. Peters et al. (2008) state 

that furfural and 5-methylfurfural are the main emission 
products from treated wood and Marutzky and Roffael 
(1977) conducted a study in which, by applying heat 
treatment independently of temperature, formaldehyde 
was formed due to the degradation of lignin and other 
hydrocarbons. 

4  CONCLUSIONS 
4.  ZAKLJUČAK

Heat treatment is one of the most common wood 
treatments that results in changes in the structure of the 
cell walls, degradation of major components (hemicel-
luloses, cellulose and lignin) and extractives, and chang-
es in chemical composition. The changes that occur due 
to heat treatment depend on the temperature and dura-
tion of treatment, and to a large extent on a number of 
external conditions due to which the results differ for the 
same wood species. Treated wood results in lower hy-
groscopicity with a positive effect on dimensional stabil-
ity and durability, but very often with a negative effect 
on mechanical properties, which are reduced (except for 
hardness which causes an increase in brittleness). In the 
research on the degradation of the main chemical com-
ponents of wood, most results showed that hemicellu-
loses are the most unstable components and they are the 
first to decompose due to their low molecular weight and 
branched structure. This is followed by cellulose, which 
is thermally more stable due to its crystallite structure. 
Lignin is more unstable at lower temperatures, while at 
higher temperatures there is an increase in molecular 
weight. The main components also affect the colour 
change, which is a common occurrence during thermal 
modification. The most common causes of discoloration 
are reactions of phenolic compounds and reactions and 
thermal decomposition of hemicelluloses and lignin. Al-
though heat treatment is the most environmentally ac-
ceptable process, because it is performed under con-
trolled conditions in the presence of heat and moisture 
without chemical additives, many volatile organic com-
pounds (VOCs) are formed and released, such as alco-
hols, resins, terpenes, formic and acetic acid, resins and 
fatty acids, aldehydes, furfurals. Due to the increased 
use of heat-treated wood and compounds that are formed 
in the atmosphere during the process, it is necessary to 
investigate its impact on ecology. It should be empha-
sized that after heat treatment wood is environmentally 
acceptable, which means that it is not toxic and that at 
the end of its life cycle it does not pose a danger to the 
environment.
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Upute autorima 
Opće odredbe
Časopis Drvna industrija objavljuje znanstvene radove (izvorne 
znanstvene radove, pregledne radove, prethodna priopćenja), stručne 
radove, izlaganja sa savjetovanja, stručne obavijesti, bibliografske 
radove, preglede te ostale priloge s područja biologije, kemije, fizike 
i tehnologije drva, pulpe i papira te drvnih proizvoda, uključujući i 
proizvodnu, upravljačku i tržišnu problematiku u drvnoj industriji.
Predaja rukopisa podrazumijeva uvjet da rad nije već predan negdje 
drugdje radi objavljivanja ili da nije već objavljen (osim sažetka, 
dijelova objavljenih predavanja ili magistarskih radova odnosno di-
sertacija, što mora biti navedeno u napomeni) te da su objavljivanje 
odobrili svi suautori (ako rad ima više autora) i ovlaštene osobe usta-
nove u kojoj je istraživanje provedeno. Cjelokupni sadržaj Drvne in-
dustrije dostupan je za skidanje s interneta, tiskanje, daljnju distribu-
ciju, čitanje i ponovno korištenje bez ograničenja sve dok se naznače 
autor(i) i originalni izvor prema Creative Commons Attribution 4.0 
International License (CC BY). Autor(i) zadržavaju izdavačka prava 
bez ograničenja.
Znanstveni i stručni radovi objavljuju se na engleskom jeziku, uz sa-
žetak na hrvatskome. Također, naslov, podnaslovi i svi važni rezulta-
ti trebaju biti napisani dvojezično. Uredništvo osigurava inozemnim 
autorima prijevod na hrvatski. Ostali se članci uglavnom objavlju-
ju na hrvatskome. Znanstveni i stručni radovi podliježu temeljitoj 
recenziji najmanje dvaju recenzenata. Izbor recenzenata i odluku o 
klasifikaciji i prihvaćanju članka (prema preporukama recenzenata) 
donosi Urednički odbor.
Svi prilozi podvrgavaju se jezičnoj obradi. Urednici će od autora 
zah tijevati da tekst prilagode preporukama recenzenata i lektora, 
te zadržavaju i pravo da predlože skraćivanje ili poboljšanje teksta. 
Autori su potpuno odgovorni za svoje priloge. Podrazumijeva se 
da je autor pribavio dozvolu za objavljivanje dijelova teksta što su 
već negdje objavljeni te da objavljivanje članka ne ugrožava prava 
pojedinca ili pravne osobe. Radovi moraju izvještavati o istinitim 
znanstvenim ili tehničkim postignućima. Autori su odgovorni za ter-
minološku i metrološku usklađenost svojih priloga. Radovi se šalju  
elektronički putem poveznice http://journal.sdewes.org/drvind

Upute
Predani radovi smiju sadržavati najviše 15 jednostrano pisanih A4 
listova s dvostrukim proredom (30 redaka na stranici), uključujući 
i tablice, slike te popis literature, dodatke i ostale priloge. Dulje je 
članke preporučljivo podijeliti na dva ili više nastavaka. Tekst treba 
biti u doc formatu, u potpunosti napisan fontom Times New Roman 
(tekst, grafikoni i slike), normalnim stilom, bez dodatnog uređenja 
teksta.
Prva stranica poslanog rada treba sadržavati puni naslov, ime(na) i 
prezime(na) autora, podatke o zaposlenju autora (ustanova, grad i 
država) te sažetak s ključnim riječima (duljina sažetka približno 1/2 
stranice A4).
Posljednja stranica treba sadržavati titule, zanimanje, zvanje i adresu 
(svakog) autora, s naznakom osobe s kojom će Uredništvo biti u vezi.
Znanstveni i stručni radovi moraju biti sažeti i precizni. Osnovna 
poglavlja trebaju biti označena odgovarajućim podnaslovima. Na-
pomene se ispisuju na dnu pripadajuće stranice, a obrojčavaju se 
susljedno. One koje se odnose na naslov označuju se zvjezdicom, 
a ostale uzdignutim arapskim brojkama. Napomene koje se odnose 
na tablice pišu se ispod tablica, a označavaju se uzdignutim malim 
pisanim slovima, abecednim redom.
Latinska imena trebaju biti pisana kosim slovima (italicom), a ako 
je cijeli tekst pisan kosim slovima, latinska imena trebaju biti pod-
crtana.
U uvodu treba definirati problem i, koliko je moguće, predočiti gra-
nice postojećih spoznaja, tako da se čitateljima koji se ne bave po-
dručjem o kojemu je riječ omogući razumijevanje ciljeva rada.
Materijal i metode trebaju biti što preciznije opisane da omoguće 
drugim znanstvenicima ponavljanje pokusa. Glavni eksperimentalni 
podaci trebaju biti dvojezično navedeni.
Rezultati trebaju obuhvatiti samo materijal koji se izravno odnosi na 
predmet. Obvezatna je primjena metričkog sustava. Preporučuje se 
upotreba SI jedinica. Rjeđe rabljene fizikalne vrijednosti, simboli i 
jedinice trebaju biti objašnjeni pri njihovu prvom spominjanju u tek-
stu. Za pisanje formula valja se koristiti Equation Editorom (progra-
mom za pisanje formula u MS Wordu). Jedinice se pišu normalnim 
(uspravnim) slovima, a fizikalni simboli i faktori kosima (italicom). 

Formule se susljedno obrojčavaju arapskim brojkama u zagradama, 
npr. (1) na kraju retka.
Broj slika mora biti ograničen samo na one koje su prijeko potrebne 
za objašnjenje teksta. Isti podaci ne smiju biti navedeni i u tablici i 
na slici. Slike i tablice trebaju biti zasebno obrojčane, arapskim broj-
kama, a u tekstu se na njih upućuje jasnim naznakama (“tablica 1” 
ili “slika 1”). Naslovi, zaglavlja, legende i sav ostali tekst u slikama i 
tablicama treba biti napisan hrvatskim i engleskim jezikom. 
Slike je potrebno rasporediti na odgovarajuća mjesta u tekstu, trebaju 
biti izrađene u rezoluciji 600 dpi, crno-bijele (objavljivanje slika u 
koloru moguće je na zahtjev autora), formata jpg ili tiff, potpune i 
jasno razumljive bez pozivanja na tekst priloga.
Svi grafikoni i tablice izrađuju se kao crno-bijeli prilozi (osim na 
zahtjev). Tablice i grafikoni trebaju biti na svojim mjestima u tekstu 
te originalnog formata u kojemu su izrađeni radi nak nadnog ubaci-
vanja hrvatskog prijevoda. Ako ne postoji mogućnost za to, potrebno 
je poslati originalne dokumente u formatu u kojemu su napravljeni 
(excel ili statistica format).
Naslovi slika i crteža ne pišu se velikim tiskanim slovima. Crteži 
i grafikoni trebaju odgovarati stilu časopisa (fontovima i izgledu). 
Slova i brojke moraju biti dovoljno veliki da budu lako čitljivi na-
kon smanjenja širine slike ili tablice. Fotomikrografije moraju imati 
naznaku uvećanja, poželjno u mikrometrima. Uvećanje može biti 
dodatno naznačeno na kraju naslova slike, npr. “uvećanje 7500 : l”.
Diskusija i zaključak mogu, ako autori žele, biti spojeni u jedan odje-
ljak. U tom tekstu treba objasniti rezultate s obzirom na problem 
postavljen u uvodu i u odnosu prema odgovarajućim zapažanjima 
autora ili drugih istraživača. Valja izbjegavati ponavljanje podataka 
već iznesenih u odjeljku Rezultati. Mogu se razmotriti naznake za 
daljnja istraživanja ili primjenu. Ako su rezultati i diskusija spojeni u 
isti odjeljak, zaključke je nužno napisati izdvojeno. Zahvale se navo-
de na kraju rukopisa. Odgovarajuću literaturu treba citirati u tekstu, 
i to prema harvardskom sustavu (ime – godina), npr. (Bađun, 1965). 
Nadalje, bibliografija mora biti navedena na kraju teksta, i to abe-
cednim redom prezimena autora, s naslovima i potpunim navodima 
bibliografskih referenci. Popis literature mora biti selektivan, a svaka 
referenca na kraju mora imati naveden DOI broj, ako ga posjeduje 
(http://www.doi.org) (provjeriti na http://www.crossref.org). 

Primjeri navođenja literature 
Članci u časopisima: Prezime autora, inicijal(i) osobnog imena, go-
dina: Naslov. Naziv časopisa, godište (ev. broj): stranice (od – do). 
Doi broj.
Primjer
Kärki, T., 2001: Variation of wood density and shrinkage in Europe-
an aspen (Populus tremula). Holz als Roh- und Werkstoff, 59: 79-84. 
http://dx.doi.org/10.1007/s001070050479.
Knjige: Prezime autora, inicijal(i) osobnog imena, godina: Naslov. 
(ev. izdavač/editor): izdanje (ev. svezak). Mjesto izdanja, izdavač 
(ev. stranice od – do).
Primjeri
Krpan, J., 1970: Tehnologija furnira i ploča. Drugo izdanje. Zagreb, 
Tehnička knjiga.
Wilson, J. W.; Wellwood, R. W., 1965: Intra-increment chemical 
properties of certain western Canadian coniferous species. U: W. A.
Cote, Jr. (Ed.): Cellular Ultrastructure of Woody Plants. Syracuse, 
N.Y., Syracuse Univ. Press, pp. 551- 559.
Ostale publikacije (brošure, studije itd.)
Müller, D., 1977: Beitrag zür Klassifizierung asiatischer Baumar-
ten. Mitteilung der Bundesforschungsanstalt für Forstund Holzvvirt 
schaft Hamburg, Nr. 98. Hamburg: M. Wiederbusch.
Web stranice
***1997: “Guide to Punctuation” (online), University of Sussex, 
www.informatics.sussex.ac.uk/department/docs/punctuation/node 
00.html. First published 1997 (pristupljeno 27. siječnja 2010).

Autoru se prije konačnog tiska šalje pdf rada. Rad je potrebno pažlji-
vo pročitati, ispraviti te vratiti Uredništvu s listom ispravaka. Autori 
znanstvenih i stručnih radova besplatno dobivaju po jedan primjerak 
časopisa. Autoru svakog priloga također se dostavlja besplatan pri-
mjerak časopisa.

Dodatne informacije o načinu pisanja znanstvenih radova mogu se 
naći na web adresi:
www.ease.org.uk/publications/author-guidelines

http://www.ease.org.uk/publications/author-guidelines


Instructions for authors
General terms
The “Drvna industrija” (“Wood Industry”) journal publishes scientific 
papers (original scientific papers, review papers, previous notes), 
professional papers, conference papers, professional information, 
bibliographical and survey articles and other contributions related 
to biology, chemistry, physics and technology of wood, pulp and 
paper and wood products, including production, management and 
marketing issues in the wood industry.
Submission of a paper implies that the work has not been submitted 
for publication elsewhere or published before (except in the form of 
an abstract or as part of a published lecture, review or thesis, in which 
case it must be stated in a footnote); that the publication is approved 
by all co-authors (if any) and by the authorities of the institution 
where the research has been carried out. The complete content of the 
journal Drvna industrija (Wood Industry) is available on the Internet 
permitting any users to download, print, further distribute, read and 
reuse it with no limits provided that the author(s) and the original 
source are identified in accordance with the Creative Commons 
Attribution 4.0 International License (CC BY). The authors retain 
their copyrights. 
The scientific and professional papers shall be published in English 
with summary in Croatian. The titles, headings and all the relevant 
results shall be also presented bilingually. The Editor’s Office shall 
provide the translation into Croatian for foreign authors. Other 
articles are generally published in Croatian. The scientific and 
professional papers will be subject to a thorough review by at least 
two selected referees. The Editorial Board shall make the choice of 
reviewers, as well as the decision about the classification of the paper 
and its acceptance (based on reviewers’ recommendations).
All contributions are subject to proofreading. The editors will require 
authors to modify the text in the light of the recommendations made 
by reviewers and language advisers, and they reserve the right to 
suggest abbreviations and text improvements. Authors are fully 
responsible for the contents of their contributions. It shall be assumed 
that the author has obtained the permission for the reproduction of 
portions of text published elsewhere, and that the publication of the 
paper in question does not infringe upon any individual or corporate 
rights. Papers shall report on true scientific or technical achievement. 
Authors are responsible for the terminological and metrological 
consistency of their contributions. The contributions are to be 
submitted by the link http://journal.sdewes.org/drvind

Details
Papers submitted shall consist of no more than 15 single-sided DIN 
A-4 sheets of 30 double-spaced lines, including tables, figures and 
references, appendices and other supplements. Longer papers should 
be divided into two or more continuing series. The text should be 
written in doc format, fully written using Times New Roman font (text, 
graphs and figures), in normal style without additional text editing. 
The first page of the paper submitted should contain full title, name(s) 
of author(s) with professional affiliation (institution, city and state), 
abstract with keywords (approx. 1/2 sheet DIN A4).
The last page should provide the full titles, posts and address(es) of 
each author with indication of the contact person for the Editor’s 
Office.
Scientific and professional papers shall be precise and concise. The 
main chapters should be characterized by appropriate headings. 
Footnotes shall be placed at the bottom of the same page and 
consecutively numbered. Those relating to the title should be marked 
by an asterix, others by superscript Arabic numerals. Footnotes 
relating to the tables shall be printed under the table and marked by 
small letters in alphabetical order. 
Latin names shall be printed in italics and underlined.
Introduction should define the problem and if possible the framework 
of existing knowledge, to ensure that readers not working in that 
particular field are able to understand author’s intentions.
Materials and methods should be as precise as possible to enable 
other scientists to repeat the experiment. The main experimental data 
should be presented bilingually.
The results should involve only material pertinent to the subject. The 
metric system shall be used. SI units are recommended. Rarely used 
physical values, symbols and units should be explained at their first 
appearance in the text. Formulas should be written by using Equation 
Editor (program for writing formulas in MS Word). Units shall be 
written in normal (upright) letters, physical symbols and factors 
in italics. Formulas shall be consecutively numbered with Arabic 
numerals in parenthesis (e.g. (1)) at the end of the line.

The number of figures shall be limited to those absolutely necessary 
for clarification of the text. The same information must not be 
presented in both a table and a figure. Figures and tables should be 
numbered separately with Arabic numerals, and should be referred 
to in the text with clear remarks (“Table 1” or “Figure 1”). Titles, 
headings, legends and all the other text in figures and tables should 
be written in both Croatian and English.
Figures should be inserted into the text. They should be of 600 dpi 
resolution, black and white (color photographs only on request), 
in jpg or tiff format, completely clear and understandable without 
reference to the text of the contribution. 
All graphs and tables shall be black and white (unless requested 
otherwise). Tables and graphs should be inserted into the text in their 
original format in order to insert them subsequently into the Croatian 
version. If this is not possible, original document should be sent in 
the format in which it was made (excel or statistica format).
The captions to figures and drawings shall not be written in block 
letters. Line drawings and graphs should conform to the style of 
the journal (font size and appearance). Letters and numbers shall 
be sufficiently large to be readily legible after reduction of the 
width of a figure or table. Photomicrographs should have a mark 
indicating magnification, preferably in micrometers. Magnification 
can be additionally indicated at the end of the figure title, e.g. “Mag. 
7500:1”.
Discussion and conclusion may, if desired by authors, be combined 
into one chapter. This text should interpret the results relating to 
the problem outlined in the introduction and to related observations 
by the author(s) or other researchers. Repeating the data already 
presented in the “Results” chapter should be avoided. Implications 
for further studies or application may be discussed. A conclusion 
shall be expressed separately if results and discussion are combined 
in the same chapter. Acknowledgements are presented at the end of 
the paper. Relevant literature shall be cited in the text according to 
the Harvard system (“name – year”), e.g. (Bađun, 1965). In addition, 
the bibliography shall be listed at the end of the text in alphabetical 
order of the author’s names, together with the title and full quotation 
of the bibliographical reference. The list of references shall be 
selective, and each reference shall have its DOI number (http://www.
doi.org) (check at http://www.crossref.org).:

Example of references
Journal articles: Author’s second name, initial(s) of the first name, 
year: Title. Journal name, volume (ev. issue): pages (from - to). DOI 
number.
Example:
Kärki, T., 2001: Variation of wood density and shrinkage in European 
aspen (Populus tremula). Holz als Roh- und Werkstoff, 59: 79-84. 
http://dx.doi.org/10.1007/s001070050479.
Books: 
Author’s second name, initial(s) of the first name, year: Title. 
(ev. Publisher/editor): edition, (ev. volume). Place of publishing, 
publisher (ev. pages from - to). 
Examples:
Krpan, J. 1970: Tehnologija furnira i ploča. Drugo izdanje. Zagreb: 
Tehnička knjiga.
Wilson, J.W.; Wellwood, R.W. 1965: Intra-increment chemical 
properties of certain western Canadian coniferous species. U: W. 
A. Cote, Jr. (Ed.): Cellular Ultrastructure of Woody Plants. Syracuse, 
N.Y., Syracuse Univ. Press, pp. 551-559.
Other publications (brochures, studies, etc.):
Müller, D. 1977: Beitrag zur Klassifizierung asiatischer 
Baumarten. Mitteilung der Bundesforschungsanslalt für Forst- und 
Holzwirtschaft Hamburg, Nr. 98. Hamburg: M. Wiederbusch.
Websites:
***1997: “Guide to Punctuation” (online), University of Sussex, 
www.informatics.sussex.ac.uk/department/docs/punctuation/node 
00.html. First published 1997 (Accessed Jan. 27, 2010).
The paper will be sent to the author in pdf format before printing. 
The paper should be carefully corrected and sent back to the Editor’s 
Office with the list of corrections made. Each contributor will receive 
1 copy of the journal. 
Further information on the way of writing scientific papers can be 
found on the following website:
www.ease.org.uk/publications/author-guidelines
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