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Abstract: The influence of thermal modification in oil on the selected chemical components content in beech 
wood (Fagus sylvatica L.). This article presents research showing what are the changes in the selected chemical 
composition (extraction substances and polysaccharides) of beech wood as a result of thermal modification in 
oil. It was found that the content of holocellulose and hemicelluloses in beech wood decreases according to the 
duration of thermal modification in oil.  The cellulose content in modified  wood was  similar to control samples. 
Extractives content was significantly higher in modified wood in comparison with control samples. The most 
significant changes for extraction substances, holocellulose, as well as hemicelluloses have been recorded after 
the longest process, i.e. 10 hours of beech wood modification.  
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INTRODUCTION 

Beech wood is one of the most valuable domestic wood species. Trees of this 
particular species produce semi-ring porous wood with vessels (pores), the diameter of which 
gradually decreases towards latewood. The vessels are located individually or in small groups 
(2-3) and evenly scattered inside yearly growth rings (Kokoci�ski, 2002) (Fig. 1).  

 

 
Fig. 1.The microscopic structure of beech wood (Fagus sylvatica L.) – transverse section 

 
Beech wood is widely used by carpenters and industry as a raw material for the 

production of furniture, veneers, parquets etc. It is highly suitable for bentwood, so it is often 
used for production of toys, household goods and sport equipment. Due to the fact that beech 
wood has a very limited resistance to climatic conditions and is prone to biodegradation, it is 
not very practical when used in outdoor constructions without any appropriate treatment.  
Wood modification helps to improve its resilience both to biotic (Viitaniemi et. al., 2001; 
Sailer et.al., 2000; Dirol and Gayonnet, 1993) and abiotic factors (Grze�kiewicz and 
D
browski, 2004; Kamdem et.al., 2002; Buro, 1954) , and therefore – as in the case of beech 
wood – to make it available to a greater number of uses. Some modification methods, and in 
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particular thermal modification, induce wood colour change and thus improve its visual 
attractiveness (Grze�kiewicz and D
browski, 2004). Over many years, scientific research 
resulted in establishing of a number of different wood modification methods. They may be 
divided into two groups: active, which contribute to the alteration of wood cells’ walls and 
passive, which consist in impregnation of wood cells’ walls and their interior (Hill, 2006). 
The most frequently used active wood modification methods are chemical and thermal. These 
methods are often applied to domestic timber species, which tend to intensively change their 
colour into darker, thus resembling expensive exotic wood species. One of such wood species 
is beech wood (Fagus sylvatica L.).  
 

The aim of these studies was to see, what are the changes in the selected chemical 
composition of beech wood as a result of thermal modification in rape oil heated up to 190oC. 

 
MATERIAL AND METHODS 
 
Research material 
 
Research material consisted of 20x20x30mm samples cut out of one beech wood board. The 
samples selected had to be of compact structure, without any cracks, knots, discolouration and 
false heartwood. The wood samples have been divided into 4 groups. The average density of 
each sample, with 4% humidity, was similar and amounted to about 730 kg/m3. The wood 
samples have been measured, weighed and marked. The first group of samples was a control 
group (so-called “native wood”, without any modification). The groups no. 2, 3 and 4 were 
immersed in rape oil and put into dryer with temperature 105oC ± 1oC for the period of 10 
hours. Then the temperature in the dryer has been increased to 190o C ±1oC and the timber 
underwent thermal modification in the following periods of time: group 2 – 2 hours, group 3 – 
6 hours and group 4 – 10 hours. After the modification, the samples have been placed in the 
atmosphere with about 65% humidity and temperature of about 20oC for the period of two 
weeks. After that time the modified material and “native wood” were grinded down 
mechanically, and the resulting sowdust divided into fractions for chemical assay. The 
sowdust fraction which passed the sieve with mesh diameter of 1mm and has been  retained 
on the sieve with mesh diameter of 0.5mm was selected for assay. 
 
Analysis of wood chemical composition 
 
 In order to analyze the amounts of extraction substances in the wood, a 93%/7% v/v 
proportion by weight mix of chloroform and ethanol has been used (Antczak et al. 2006). The 
extraction continued so long as the amount of extraction substances in the solution continued 
to increase, thereby establishing different periods of extraction for particular groups of 
samples: 10 hours for the “native wood” , 20 hours for the wood which has been modified for 
2 hours and 40 hours for the wood which has been modified for 6 and 10 hours 

The holocellulose content has been established according to the procedure, which is 
widely applied in wood chemistry (Krutul, 2002, Prosi�ski, 1984).  
 The cellulose content was assayed according to the widely used Kürschner-Hoffer 
method, which consists in heating the wood in a mix of 65% nitric acid and 96% ethyl alcohol 
(Prosi�ski, 1984). 3 grams of extracted wooden chips from each group have been used.  

The content of hemicellulose in the beech wood was determined by measuring the 
quantity of cellulose and holocellulose. Contents of hemicellulose is the difference between 
holocellulose and cellulose contents. 
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RESULTS AND DISCUSSION 
 
 The study shows that the content of extractives extracted from the wood increases with 
modification time (Fig. 2.). Their content in the "native wood" was 0.74%. In the modified 
wood, a significant increase of extracts’ content as compared to the control sample was 
observed (15.26% for the wood, which has been modified for 2 hours, 21.02% for the wood, 
which has been modified for 6 hours and 34.28% for the wood, which has been modified for 
10 hours). The changes observed in wood as a result of thermal modification in oil may be 
explained by oil penetration into the modified material. The longer modification process 
causes the penetration of larger quantities of oil in the porous structure of wood. It seems that 
the anatomical structure of wood and the viscosity of oil used in modification process were of 
importance here (Zeleniuc et.al., 2011). It was observed that the thermal modification in oil 
causes increase the weight of wood. This proves that oil penetration into the wood (Ko�ek, 
2013). 
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Fig. 2. The percentage of extraction substances in the beech wood (Fagus sylvatica L.) subjected to thermal 
modification in rape oil 
 

In the case of holocellulose, its content in the "native wood" was 85.58%. In the 
modified wood, a significant decrease of holocellulose’ content as compared to the control 
sample was observed. Its content was the lower, the longer the period of modification was 
(83.48% for the wood, which has been modified for 2 hours, 79.43% for the wood, which has 
been modified for 6 hours and 71.30% for the wood, which has been modified for 10 hours). 
(Fig. 3.). The data obtained indicate that the holocellulose contents’ decrease In the case of 
short modification time (2 hours) the holocellulose contents’ insignificant decreases (about 
2%). More significant changes in the quantity of this substance take place after 10 hours of 
modification and are above 14%. According to bibliographic sources (Hill, 2006), the 
holocellulose contents changes taking place in course of wood thermal modification result 
from degradation and hydrolysis of hemicellulose. The data for cellulose confirm this theory 
(Fig. 4.). 
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Fig. 3. The percentage of holocellulose in the beech wood (Fagus sylvatica L.) subjected to thermal modification 
in rape oil 

 
It was found that thermal modification of wood in oil had a slight influence on 

cellulose contents in beech wood. The following percentages of this substance have been 
established for particular groups of wood: 49.26% for the “native wood”, 51.08% for the 
wood, which has been modified for 2 hours, 48.25% for the wood, which has been modified 
for 6 hours and 19.16 % for the wood, which has been modified for 10 hours. (Fig. 4). The 
data obtained for alpha and beta cellulose in beech wood indicate that during modification of 
wood decrease alpha cellulose contents’ and increase beta cellulose contents’ (Ko�ek, 1013). 
Therefore, thermal modification of beech wood in oil causes a decrease in the quality of 
cellulose.  
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Fig. 4. The percentage of cellulose in the beech wood (Fagus sylvatica L.) subjected to thermal modification in 
rape oil 
 

In the case of hemicelluloses, their content in the "native wood" was 36,32%. After 
modification, the quantity of the abovementioned compounds decreased and amounted to 
32.40 % for the wood, which has been modified for 2 hours, 31,18% hours for the wood, 
which has been modified for 6 hours and 22.14% for the wood, which has been modified for 
10 hours (Fig. 5). The decrease of hemicelluloses content results from the processes of their 
degradation and hydrolysis in high temperatures. After a long time of exposure to a high 
temperature it is also possible that hemicelluloses may transform into volatile organic 
products (Fengel and Wegner, 2003). Therefore after 10-hours long modification, the 
decrease of hemicelluloses content is the highest. 
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Fig. 5. The percentage of hemicelluloses in the beech wood (Fagus sylvatica L.) subjected to thermal 
modification in rape oil 
 
SUMMARY AND CONCLUSIONS 
 

In summary,  it must be concluded that the thermal modification in oil has an influence 
on the chemical composition of beech wood. The most significant changes for extraction 
substances, holocellulose, cellulose, as well as hemicelluloses were taking place after the 
longest process, i.e. 10 hours of wood modification. The results showed that prolonged 
modification affects particularly the decrease in the amount of holocelulose and 
hemicelluloses in beech wood, while the cellulose content varies slightly. Extractives  content 
is significantly higher in modified wood compared with control samples. 
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Streszczenie: Wp�yw modyfikacji termicznej w oleju na zawarto�� wybranych substancji 
chemicznych w drewnie buka zwyczajnego (Fagus sylvatica L.). Badania dotyczy�y oceny 
zmiany zawarto�ci wybranych substancji chemicznych w drewnie bukowym poddanym 
modyfikacji termicznej w oleju rzepakowym. Stwierdzono, �e wymieniony wy�ej proces 
wp�ywa istotnie na obni�enie w drewnie  bukowym zawarto�ci holocelulozy i hemiceluloz. W 
przypadku celulozy, zawarto�� tego polisacharydu w drewnie po procesie modyfikacji ulega 
tylko niewielkim zmianom w stosunku do drewna natywnego. W drewnie modyfikowanym 
odnotowano istotny wzrost substancji ekstrakcyjnych w porównaniu do drewna kontrolnego. 
Zarówno w przypadku holocelulozy, hemiceluloz jak i ekstraktów zmiany w zawarto�ci tych 
substancji by�y tym wi	ksze im d�u�szy by� czas modyfikacji drewna. 
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