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INTRODUCTION

Wood is recognised as the most important of the 
renewable base materials with the added advantage 
of being recyclable and CO2-neutral. But wood is a 
biodegradable material. Many traditional protection 
treatments currently exist to prevent these deteriora-
tions and they are based mostly on toxic materials. 
The aim is to get better performance of the wood, 
resulting in improvements in dimensional stability, 
decay resistance, weathering resistance, etc. Wood 
modification by different techniques dates back 
to decades at the University of Sopron (Simonyi 
Károly Faculty of Engineering, Wood Sciences and 

Applied Arts, Institute of Wood Science). Besides 
the basic studies, for example the study of physical 
and mechanical properties of different wood spe-
cies (Dömény et al., 2015; Komán and Fehér, 2015; 
Németh et al., 2016; Komán, 2018; Vörös and 
Németh, 2018 etc.), special attention was given to 
heat treatment processes in different media, acetyla-
tion, some impregnation processes and application 
of nanoscale materials in wood industry as well as 
compression of wood perpendicular and parallel to 
grain. Wood modification processes indicate con-
tinuously new challenges. The main investigation 
topics of the Institute of Wood Science at the Uni-
versity of Sopron are described below.
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This overview presents the research fields of the Institute of Wood Science at the University of Sopron (Hungary) 
in the first two decades of the third millennium. The classic wood research topics such as physical, mechanical 
and anatomical examinations of untreated wood species are one of the major fields of the studies conducted. The 
other major part is the topic of this paper, i.e. the study of different wood modification processes. There are many 
possibilities in wood science to improve the properties of wood and, as a result, to improve its usability. Various heat 
treatments were performed in gaseous atmosphere for more than ten softwood and hardwood species, as well as heat 
treatment in different fluids. The latter includes the treatment in vegetable oils, paraffin and beeswax to improve the 
resistance and dimensional stability of wood. Within the mechanical wood modification the densification of poplar 
resulted in a great increase of its hardness to make this common wood available in more fields of wood industry. 
The longitudinal compression of hardwoods results in obtaining a flexible material that extends the usability of 
wood. As a chemical treatment, acetylation provides a good protection against wood-destroying organisms, a high 
increase in dimensional stability and a long life span. The impregnation of wood with different nanoparticles has 
successfully in improved its durability. In summary, this paper demonstrates several processes from mechanical wood 
modifications through heat treatments to chemical modification methods.
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HEAT TREATMENT 
IN GASEOUS ATMOSPHERES

The institute possesses a programmable heat 
treatment chamber that can handle samples of up 
to 60 cm in length. This electrically heated, fan-
ventilated equipment carries out the treatments in 
normal atmospheric-pressure air, without added 
gases or steam (dry heat treatment). As a result, the 
resistance to fungal decay improves remarkably and 
swelling decreases, while exotic and more homoge-
neous colour can be achieved in the whole cross-
section of the wood (Horváth and Csupor, 2012). 
In addition to useful properties, both compression 
strength and hardness slightly increase, mostly in 
case of treatments carried out at 200 °C (Horváth 
et al., 2012). These properties are very useful for 
producing floor elements made of dry heat-treated 
hardwood (Fig. 1). 

However, bending strength and tensile strength 
as well as impact bending strength decrease consid-
erably, by 20–40 and by 30–70 %, respectively. In 
2010, a combined heat treatment-steaming equip-
ment with 0.5 m3 capacity was purchased. This au-
toclave is suitable for heat treatments up to 250 °C 
in vacuum, inert gases and steam. The wood species 
investigated by our institute so far are oak, turkey 
oak, black locust, poplar, hornbeam, beech, maple, 
pine, spruce, tree-of-heaven and acacia.

HEAT TREATMENT 
IN DIFFERENT FLUIDS

The efficiency of the heat treatment processes 
depends on the rate and regularity of heat growth 
in the wood and on reducing oxidative processes 
in order to avoid unnecessary decomposition. Heat 
treatment in vegetable oils can be a solution to these 
problems. Wood was heat treated at 160–200 °C in 
rapeseed-, linseed- and sunflower oil (Fig. 2). 

Swelling properties decreased by 20–60 % 
and strength decreased less than by heat treat-
ment in a gaseous atmosphere. Colour changes 
were similar to the heat treatments in gaseous at-
mosphere. Further advantage of heat treatment in 
vegetable oils is the short treatment time (in case 
of a 25 mm thick poplar board, up to 6 hours in-
cluding drying). It must be noted that for exam-
ple in case of black locust, which has a practically 
impermeable structure, longer treatment times are 
needed to avoid cracks and deformations (Bak and 
Németh, 2012). Using paraffin as a heat treatment 
medium instead of vegetable oils, similar results 
can be achieved, and moisture absorption is fur-
ther reduced by a thin paraffin layer on the surface 
(Németh et al., 2012a).

COMPRESSION PERPENDICULAR 
TO THE GRAIN (DENSIFICATION)

In case of a product, often only one property is 
important to meet the requirements. Indoors, sur-
face hardness of poplar wood is the property that 
limits its use. In this case, the aim was to produce 
a low-density material with high surface hardness. 
Using thermo-hygro-mechanical treatment, apply-
ing heat, steam and compression on wood – the 
hardness of the poplar can be increased from very 
low 10 to 22 N/mm2 (Fig. 3). 
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Fig. 1. Flooring elements made of dry heat-treated turkey 
oak, oak, beech and ash (left to right) (Németh et al., 
2012b).

Fig. 2. Colour change of poplar wood due to different 
heat treatment schedules in linseed oil (Németh et al., 
2012b).

Fig. 3. Parameters of the different THM process 
schedules (Németh et al., 2016).
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30 % compression of the poplar increases the 
hardness by 120 % and reaches the hardness of 
maple wood, which is a popular wood species in 
flooring element production. Besides the improved 
surface hardness, the wood will have a brownish 
colour at a depth of 2–3 mm (Ábrahám et al., 2010). 

COMPRESSION PARALLEL 
TO THE GRAIN

Longitudinal wood compression and relaxa-
tion after compression (fixation means that the 
sample is held compressed for a while) is called 
pleating and result in improved bending proper-
ties, compared to the classical steaming wood 
bending process. The method can be used mostly 
for high density hardwoods. Another advantage is 
that longitudinally compressed wood can be kept 
cold for longer time in bendable state, therefore 
it is storable. This material can be used primar-
ily in interior design and in the furniture industry. 
During the modification process, the normally 
smooth cell walls deform, buckle and finally seem 
like a plisse form. The term «pleating» originated 
from this phenomenon (Báder and Németh, 2018a) 
(Fig. 4).

Pleating as well as bending requires high-quali-
ty hardwood raw material with high density. Before 
the compression procedure the wood must be plasti-
cized, practically by steaming. The compression ra-
tio is 15–25 % of the original length. Fixation also 
increases the bendability of the wood. After lon-
gitudinal compression and fixation, the shortening 
of the samples increases.

ACETYLATION OF WOOD

Acetylation changes hydroxyl groups in wood 
to acetyl-groups. In a preliminary study (Gohér, 
2009), the swelling of poplar wood (Populus × 
× euramericana cv. Pannonia) decreased by 70 %, 

beside that the mechanical properties remained 
unchanged. Black locust Robinia pseudoaca-
cia L. could not be effectively treated. However, 
for veneer or flake, good results were achieved 
(e. g. production of weather resistant panels). As 
a next step hornbeam Carpinus betulus L. wood 
was acetylated (Fodor, 2015; Fodor et al., 2017) 
at Accsys Technologies (the Netherlands). The re-
sults are promising, as the equilibrium moisture 
content and fibre saturation point decreased by 58 
and 33 % respectively. Shrinkage decreased by 
~80 % in radial and tangential directions, and 
by ~60 % in longitudinal direction. Weight loss due 
to fungi decay decreased by 95–98 %. Acetylated 
wood has pungent smell for a long time caused by 
evaporation of acetic acid; also the increased cor-
rosion caused by the application of hinges is to be 
taken into account. Acetylation produces a slight 
effect on wood colour. Light coloured woods be-
come slightly darker, while dark coloured woods 
slightly lighter (Fig. 5).

OTHER WOOD MODIFICATION 
PROCESSES

In addition to the modification processes dis-
cussed above, some other processes were also in-
vestigated. First of all, impregnation processes with 
beeswax or nanoparticles should be mentioned. 
Both treatments significantly improve the decay-
resistance and the dimensional stability. Zinc na-
noparticles improved the durability of wood very 
effectively due to the application of very low 
agent concentrations. Even better results could be 
achieved by using zinc-borate compared to zinc ox-
ide (Lykidis et al., 2016). Impregnation by beeswax 
decreases the moisture uptake of wood significantly 
(10–40 %) and it increases the durability in short-
term applications, thus wood can be treated with 
natural-based preservatives for wood without any 
chemicals (Németh et al., 2015) (Fig. 6).
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Fig. 4. SEM images of oak wood: before (left) and after (right) the longitudinal compression and fixation treatments 
(magnification 1000 x) (Báder and Németh, 2018b).
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CONCLUSIONS

During the last 20 years at the University of 
Sopron (Institute of Wood Science) important re-
search activities have been carried out in relation 
to different wood modification processes. In the 
course of these investigations the effects of nu-
merous wood modification processes were stud-
ied. The main topics were the study of different 
heat treatments (heat treatment in different gase-
ous atmospheres or liquids besides high pressure 
or atmospheric pressure), but also the investiga-
tion of acetylation and environmentally friendly 

wood preservatives (beeswax, nano-zinc particles, 
etc.). The mechanical wood modification process-
es (densification and longitudinal compression) 
were also studied and the physical and mechani-
cal properties of different wood species as basic 
research.

The project was carried out as a part of the 
«Production with nature – Agroforestry as a new 
perspective», EFOP-3.6.2-16-2017-00018 project 
in the framework of the Széchenyi 2020 Program. 
The project has been supported by the European 
Union, co-financed by the European Social Fund.
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Fig. 5. Colour change as a result of acetylation on hornbeam wood (left untreated; right treated) (Fodor, 2015).

Fig. 6. MoE of poplar and beech samples impregnated with beeswax (untreated and 3 
different degrees of pore saturation: 1 – low; 2 – medium; 3 – high level of pore saturation) 
in different investigation periods (Németh et al., 2015).
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Представлены исследования Института древесиноведения Шопронского университета (Венгрия) в первые 
два десятилетия третьего тысячелетия. Это в основном классические исследования физических, механиче-
ских и анатомических свойств необработанных древесных пород. Другой важной частью исследований явля-
ется изучение различных процессов модификации древесины. В древесиноведении известно много способов 
улучшения свойств древесины и, как следствие, – улучшения ее использования. Проведена различная тер-
мическая обработка более десяти видов мягкой и твердой древесины в газовой атмосфере, а также в различ-
ных жидкостях. Последнее включает обработку растительными маслами, парафином и пчелиным воском для 
улучшения стойкости и стабильности размеров древесины. В рамках механической модификации древесины 
тополя уплотнение привело к значительному увеличению ее твердости, что сделало эту распространенную 
породу доступной во многих областях деревообрабатывающей промышленности. Продольное сжатие древе-
сины лиственных пород позволяет получать гибкий материал, который расширяет возможности ее использо-
вания. Химическая обработка, ацетилирование обеспечивают очень длительный срок защиты против разру-
шающих древесину организмов и значительное повышение стабильности ее размеров. Пропитка древесины 
различными наночастицами повышает ее долговечность. В статье рассматриваются различные процессы ме-
ханической модификации древесины с помощью термообработки и методов химической модификации.

Ключевые слова: ацетилирование, пчелиный воск, уплотнение, термообработка, пропитывание, продоль-
ное сжатие древесины, наноматериалы, масло, парафин, складывание.
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