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Abstract: 

The work determines the influence of the heat treatment schedule parameters on the change of some 
physical properties of ash and hornbeam wood. The material treated at the temperatures of 160 and 220°C 
for 10 and 20 hours was studied. The reducing of the material density, increasing the sizes stability of the 
sizes due to the decrease of moisture absorption and the coefficient of shrinkage and improvement of 
appearance, which contributes to the expansion use of the different wood species. 
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INTRODUCTION 

Wood, as a building and decoration material, has many undeniable advantages and positive features, 
but there are some negative aspects. It is used in the open air, which accompanied by the potential risk of 
adverse weather conditions (shrinkage, swelling) and biological destroyers. Thermal modification of wood is 
one of the ways to improve its characteristics. Under the influence of high temperatures, the equilibrium 
moisture content of the material (Jämsä and Viitaniemi 2001, Gosselink et al. 2004, Metsä-Kortelainen et al. 
2006) decreases, dimensional stability improves and lifetime increases (Kollmann and Schneider 1963, 
Boonstra et al. 1998, Bourgois et al. 1998, Tjeerdsma et al. 1998, Epmeier et al. 2001, Militz 2002, Wang 
and Cooper 2005); the color changes throughout the entire cross section (Menezzi et al. 2009, Chen et al. 
2012, Mitani and Barboutis 2013, Lovrić et al. 2014). 

First years of the thermomodified wood production the darkening was considered as disadvantage. 
Nowaday this is one of the main arguments of using thermodiffication. Therefore, not only those species, 
which don’t have commercial value in Ukraine (for example, hornbeam), find new use as a result of 
thermomodification, but also with a clearly expressed texture (beech, ash) acquire even more saturated color 
and aesthetic appearance. Take into account all this positive characteristics, the scope of application of the 
material is expanding, which is attractive for the manufacture of external products (facing of facades, garden 
furniture, terrace cover). 

The growing demand and the reduction of stocks of valuable industrial wood in many countries require 
the introduction of less-demand speciesas substitutes. Accordingly, in many countries, the processing of less 
common species is encouraged (Shupe et al. 2005, Smith et al. 2005). 

In Ukraine, hornbeam is slightly used, because this wood is heavy, prone to gutting, parts of products 
change shape and size in a humid environment, and lags are rarely straightforward. Traditionally, small parts 
of products, folk crafts, charcoal etc. were made from hornbeam. 

Using thermal modification for valuable species is conditioned by the possibility of reducing the 
volume, which is increasing the products lifetime. 
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OBJECTIVE 
The purpose of this study is assessment the influence of the heat treatment schedule parameters on 

some physical properties of hornbeam and ash wood.  
 
MATERIALS AND METHODS 

The samples from untreated and thermomodified at the temperature of 160 and 220°C for 10 and 20 
hours hornbeam and ash wood were used for the study. Sample sizes were standardized in quantities 
according to the standard requirements: 20×20×30mm – for determination of density and weight loss; 
20×20×10 mm - moisture absorption; 20×5×300mm – for color. 

The change in the physical properties of the material obtained is determined according to standard 
methods: basic density (ρбаз, кг/м3) (GOST 16483.1-84 1985), shrinkage indicators (βV, %) (GOST 16483.37-
88 1990), moisture absorption rate (Uп, %) (GOST 16483.19-72* 1974). 
 
RESULTS AND DISCUSSION 
Weight loss 

Weight loss of wood during heat treatment is one of the most important features of the process and 
characterizes the degree of material modification. It has been established that with increasing processing 
temperature, weight loss (Fig. 1) increases, and the characters of the changes are different for the studied 
species of wood. 
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Fig. 1. 

Weight loss of wood samples from different species during thermomodification. 
 

It is difficult to generalize and compare the data of various studies because different processes, time 
and temperature of processing, species and initial moisture content were investigated at different times. 

Similar results are obtained (Alén et al. 2002, Mazela et al. 2003), when they determine the influence 
of processing schedules on fir wood and pine wood. Some authors, who studying the weight loss during heat 
treatment, came to the conclusion that it depends on the species of wood, the temperature and the length of 
the process. 

 
Density 

The process of thermal modification is associated with changing the density of wood. During the 
experiment, it was recorded that temperature is more significant schedule parameter for changing the 
density than the time. Decreasing the density of ash wood during processing at the temperature of 160°C – 
4.43% for 10 hours of treatment and 5.75% for 20 hours, and for 220°C this data increased almost 2 times. 
For hornbeam, this value was less than 2 times for 160°C, 1.5 times for 220°C compared with ash (Fig. 2). 
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Fig. 2. 

Influence of the thermal modification schedules on change of wood density. 
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A similar decreasing the density of ash wood at different temperatures and duration of modification 
was described by Molinsky et al. (2016) and Andor, Lagaňa (2018). The most noticeable indicator – 12% – 
was recorded during 12-hour treatment at 200°C. Such changes can be explained by the decomposition of 
hemicellulose to volatile substances that evaporate during heat treatment. 

 
Moisture absorption 

Destruction of hemicelluloses under the influence of high temperature on wood leads decreasing of it 
hygroscopicity (Korkutet et al. 2012). The value of the absorbed moisture from the environment by ash and 
hornbeam heat-treated wood samples are shown in Tab. 1. 

 
Table 1 

Increase in the samples mass of heat-treated wood during keeping in a humid environment 

Species 
Schedule 

parameters 
Change in the samples mass (g) while keeping in a humid 

environment, days 
t, °С τ, h. dry 1 2 3 6 9 13 20 

Ash 

control 2,99 3,23 3,32 3,37 3,44 3,48 3,52 3,62 

160 10 2,78 2,97 3,03 3,07 3,15 3,19 3,23 3,26 
20 2,85 3,05 3,12 3,16 3,25 3,28 3,32 3,36 

220 10 2,58 2,68 2,73 2,76 2,79 2,82 2,84 2,86 
20 2,63 2,73 2,77 2,79 2
83 2,85 2,87 2,89 

Hornbeam 

control 3,65 3,92 4,01 4,06 4,15 4,20 4,25 4,32 

160 10 3,68 3,93 4,01 4,06 4,15 4,20 4,24 4,30 
20 3,47 3,67 3,75 3,81 3,87 3,91 3,95 4,01 

220 10 2,87 2,97 2,99 3,03 3,08 3,13 3,14 3,16 
20 3,01 3,12 3,16 3,18 3,21 3,23 3,24 3,27 

 

 
In percentage terms for both species of wood similar results were obtained. The moisture absorption 

of wood modified at 160°C decreased by 18%, and at 220°C by 50% was compared to untreated wood. 
 

Shrinkage coefficient 
Form resistance and dimensions stability of heat-treated wood in the event of changes in the 

environment climatic parameters of operation can be expressed through the shrinkage coefficient, the 
decrease of which indicates an improvement in the stability of the sizes (Yildiz 2002, Esteves et al. 2007a, 
Kaygin et al. 2009, Akyildiz et al. 2009). The value of the shrinkage was determined as the volume change of 
the linear dimensions of ash and hornbeam thermomodified wood samples after drying in a chamber at a the 
temperature of 103 ± 2°С (Fig. 3). 
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Fig. 3. 

The shrinkage coefficient dependence on the schedule processing parameters. 
 

There was similarity of the results for both investigated species during heat treatment for 10 hours. So 
at the temperature of 160°С the shrinkage indicators decreased by 0.42% for ash and by 1.4% for 
hornbeam; at the temperature of 220°С – by 33.57% and 35.35% respectively. An increase in the 
modification duration up to 20 hours showed a significant difference for hornbeam wood. 
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Color 
Spectrophotometric color measurements show that thermal treatment results change in all color 

parameters for all species of wood (Esteves et al. 2008, Srinivas and Pandey 2012). The greatest influence 
on the overall color has an increasing of temperature treatment – Tab. 2. 

 
Table 2 

Correlation of processing temperature and heat-treated wood color 

Species Color 
coordinate 

Thermal modification schedule parameters 

control 160 °С 220 °С 
10 h. 20 h. 10 h. 20 h. 

Ash 

Visually 
     

L 59.1 48.2 53.4 21.0 19.3 
a 10.3 12.1 11.2 4.2 4.3 
b 13.2 16.9 16.1 2.1 1.9 

ΔЕ – 10.9 6.7 40.2 42.1 

Hornbeam 

Visually 
     

L 58.4 46.0 48.4 14.4 13.8 
a 12.0 17.6 14.4 4.8 4.4 
b 16.4 18.8 17.4 2.8 2.2 

ΔЕ – 13.9 10.5 46.6 47.5 
 

 
The important characteristic of the color changing ΔE is reduction of the «lightness» parameter L. It is 

clear that the color of ash and hornbeam has changed significantly, comparing with the natural light tone, 
and the character of the change is quite similar. The length of the treatment practically hasn’t affect on the 
color change. For ash it is 5.2 units (at 160°С) and 1.6 units (220°С), for hornbeam wood – 3.4 units and 0.9 
units in accordance. However, if we compare the effect of temperature during heat treatment on the color 
deviation, the difference between the indicators for both species is weightier – an average of 33 units. 
 
CONCLUSION 

The conducted studies made possible to determine the directions of thermomodified wood using. First 
of all, as the replacement of exotic species by obtaining a more aesthetic appearance under the influence of 
heat. In addition, the improvement of the shape and dimensions stability in medium with variable 
temperature and humidity parameters made possible to use this material in the manufacture of products, 
which are operated on the adjacent territory of the building (terraced covering and facade arrangement, 
garden architectural constructions). 
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