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INFLUENCE OF PRESSING PARAMETERS ON DIMENSIONAL 
STABILITY AND SELECTED PROPERTIES OF PRESSED BEECH 

WOOD. I. DIMENSIONAL STABILITY AND DENSITY 

Jozef Kúdela – Marek Rešetka 

ABSTRACT 

This work was aimed at investigation of the influence of pressing parameters (pressing 
temperature, pressing time, compression degree) on density, hardness and dimensional stability of 
beech wood specimens. The specimens, with an initial moisture content of 17 %, were pressed in 
tangential direction. The results show that the dimensional stability significantly improved with 
increasing pressing temperature and time. Under the given conditions, the optimum temperature 
was 200 C and the optimum heating time was 6 minutes. These pressing parameters, however, 
could not guarantee the appropriate dimensional stability under moisture loading. 

Keywords: pressing, dimensional stability, moisture content, beech wood, temperature, pressing 
time, density.   

INTRODUCTION 

 Pressing of native wood is a classic technology for waste-free wood treatment. The native 
wood is pressed with the purpose to increase its density, to improve its mechanical properties, and 
to shape its relief. The final properties of compressed wood are also significantly affected by its 
dimensional stability after pressing. To uphold the stability of the compressed wood means to 
guarantee the attained properties of the material undisturbed. The performance of compressed 
wood is affected by a range of factors such as wood’s moisture content and temperature under 
pressing, pressing time, pressing pressure or the degree of compression.  
 The two primary factors underlying the pressed wood’s density are the pressing degree and wood 
species (BLOMBERG et al. 2006). The authors report for seven wood species pressed under a constant 
pressure, average values (species-specific) ranging 750–1100 kgm–3. 

WANG and COOPER (2005) show that pressed wood exhibits non-homogeneous density 
patterns across the cross-cut (in pressing direction). The variable density profiles confirm that the 
compression of the pressed body in the pressing direction is not uniform. This is negatively 
reflected in the dimensional stability of the pressed wood (KÚDELA and REŠETKA 2011). There is 
arising a question about which pressing parameters can guarantee an appropriate dimensional 
stability of the pressed wood. 

Former works (CHUCHRJANSKIJ 1953, STAMM and SEBORG 1941 and SEBORG et al. 1962) 
report that wood with moisture content below 13 %, pressed at 150 °C, was not stable; and after 
repeated wetting and heating, it returned almost to the original state. To ensure the dimensional 
stability of the pressed wood, the wood was fixed chemically, physically or mechanically. The 
mechanism, however, driving densification of hydrothermally treated wood, had not been fully 
recognised yet. So, there were started thorough studies of the hydrothermal treatment itself, with 
the purpose to attain good malleability and better stability of  the compressed wood (ITO et al. 
1998a, b, INOUE et al. 1998,  DWIANTO et al. 1999, NAVI 
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  and GIRARDET 2000, HIGASHIHARA et al. 2000, REINPRECHT and VIDHOLDOVÁ 2011  and 
others). New possibilities for exploring wood modifications induced by heat and moisture gave 
other incentives for re-starting the research.  
 ITO et al. (1998) obtained, after preliminary plasticization, high dimensional stability for 
wood pressing temperatures above 180 ºC, while the wood stability was also significantly 
affected by pressing time at the given temperature. JOHANSSON et al. (2006) report that wood 
heat-treated at varying temperatures reached the lowest sorption capacity at 200 ºC. BÄCHLE 
(2007) documents an even ca 50% reduction of equilibrium moisture content of wood subjected 
to heat treatment. Reduction of wood sorption capacity results in improving dimensional 
stability. INOUE et al. (1998) fixing pressed wood by high-frequency heating, reduced, in such a 
way, its instant reversible deformation significantly. High-frequency heating was used in beech 
wood pressing also by Közsegi et al. 2000. The referred works show that the wood’s 
dimensional stability is significantly influenced by interaction between moisture content and 
temperature. The effect of temperature is pronounced under high moisture content. 
 NAVI and GIRARDET (2000) show that better results can be obtained for beech wood pressed 
at 150 °C in saturated steam (thermo-hydro-mechanical treatment – THM) than for the same 
wood pressed at low moisture contents (thermo-mechanical treatment – TM). The authors also 
demonstrated that, in comparison with compressed wood, THM compressed wood exhibited 
significantly reduced sorption capacity and better dimensional stability after repeated wetting in 
water. There is evidence for a range of other factors improving the dimensional stability in THM 
beech wood. Under given conditions, the destruction of lignin-carbohydrate matrix is more 
advanced, and after removal of the moisture and heat load, the matrix molecules are cross-linked 
due to restoration of hydrogen bonds distorted by wood plasticization and shaping. The stresses 
in the matrix are relaxed; the hygrophilous cell wall components (primarily hemicelluloses) form 
polymers showing more resistance against water. There were also observed different 
mechanisms driving deformation of cell elements. On the other hand, high wood moisture 
content has also negative impacts – and for higher pressing temperatures, a moisture content 
range of 15–20 % is recommended.  

The results of the cited works do not allow specification of the optimum moisture content 
and temperature for wood during pressing, due to the influence of a range of other factors. 
KÚDELA (2005), CLAIR et al. (2003) and ESTEVES and PEREIRA (2009) show that molecular 
mechanisms underlying changes in wood are very diverse and complex. Several changes to 
wood structure have been explained satisfyingly (changes to chemical structure, degradation of 
hemicelluloses and of amorphous cellulose, lignin networking, reduction of the amount of 
hydroxyl groups followed by changes in sorption properties), many several, nevertheless, are 
still are still waiting for clarification (CLAIR et al. 2003).  

The aim of our work was to find out, by experiments, the influence of selected pressing 
parameters (high temperature, varying pressing time and varying compression degree) on the 
density and dimensional stability of beech wood after pressing followed by conditioning to various 
moisture contents. Another aim was to use the obtained results for determining the optimum value 
of pressing temperature for the given pressing conditions.  

MATERIALS AND METHODS 

 The experiments were carried out on beech wood test specimens with dimensions of 50 
 50  20 mm (R  L  T) – Fig. 1. The pressing direction was decided in accordance with 
CHUCHRJANSKYJ (1953), PERELYGIN (1965) and KÚDELA (1990), who report for beech wood 
better compressibility in tangential direction – due to a high portion of pith rays. 
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Fig. 1 Test specimen – shape and dimensions. 

 
The test specimens were conditioned at a relative air humidity of 80 % and a temperature of 

20 C, corresponding to an equilibrium moisture content of 17 %. The acclimated specimens were 
pressed in testing compression equipment ZDN 50. Before the pressing, the specimens were 
weighed with an accuracy of 0.01 g and measured with an accuracy of 0.01 mm.  

The pressing appliance was equipped with two pressing plates, with controlled heating. The 
heating was electric, controlled with a thermostat whose gauge was inserted directly in the 
pressing plate. For the pressing process, we chose four temperature regimens: 160, 180, 200 and 
220 °C and three pressing periods: 2, 4 and 6 minutes. The specimens were pressed by 20 % and 
by 40 %. This extent was obtained with the aid of restraining metal mats with the thickness 
corresponding to the desired compression (20 % => 16 mm; 40 % => 12 mm).. By combining 
these factors, we obtained 24 different pressing regimens. For each regimen, there were used 
10 specimens, altogether 240.  
 The conditioned specimens were taken out from the equipment, were weighed and measured 
with the same accuracy as above. Then they were stored in a conditioning box with a relative air 
humidity of 65 % and a temperature of 20 C until reaching the equilibrium state. Further 
conditioning of the specimens was pursued at  = 80 % and t = 20 °C. The conditioned 
specimens were weighed and measured again. Finally, the specimens were dried out to zero 
moisture content – to obtain the dry mass m0. 

The dimensional change of the test specimens in the pressing direction was calculated two 
times: immediately after the removal from the pressing equipment, according to the equation: 
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and after the conditioning of the test specimens in an environment with parameters (φ, t), 
according to the equation  
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where H0 is the thickness of specimen after compression (16 or 12 mm), H1 – is the thickness of 
specimen taken out from the pressing equipment, H2(3) – is thickness of specimen after 
conditioning at  = 65 % (80 %).     
  Wood density at given moisture content was derived from the ratio of the specimen mass and 
volume (STN 490108). The specimen moisture content before pressing, after pressing and after 
repeated acclimation was determined gravimetrically according to the Standard STN 490103.  

RESULTS AND DISCUSSION 

 The average moisture content of the test specimens before the pressing was 17 % (Table 1). This 
moisture content was decided based on the results of our former experiments. The acclimated 
specimens were pressed under conditions described in the methodology. Mechanical, moisture 
and heat loading acting in interactions in the pressing process caused instant as well as 
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permanent changes in wood structure, which means also changes in wood properties. The 
immediate changes in wood properties directly influenced the wood compression during 
pressing process. The permanent modifications in wood structure and properties had impacts on 
its dimensional stability.  
 The moisture content of the test specimens after the pressing ranged from 13 to 1 % 
(Table 1). This decrease was participated by all the tested pressing parameters. The final 
moisture content during pressing depended on the pressing temperature and time. The moisture 
content was found markedly decreasing with raising temperature. There was also confirmed 
another decreasing trend in wood moisture content with prolonging pressing time. In all cases, 
the average moisture content under 40% compression was lower than the average moisture 
content under 20 % compression under the same conditions – due to the fact that the cross-
sections of the specimens compressed by 40% were heated more then cross-sections of 
specimens compressed by 20 %. 

Tab. 1 Moisture contents in specimens in individual phases of experiment (n =10). 
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Statistical  
characteristics 
of moisture content 

Temperature [ºC] 
160 180 200 220 160 180 200 220 

Comprimation by 20 % Comprimation by 40 % 
 Conditioning before pressing ( = 80 %, t = 20 C) 

x  [%] 17 17.02   
s [%] 016 0.15 

 After pressing  

2 
x [%] 13.08 12.12 10.30 8.09 10.68 9.85 6.92 5.16 
s [%] 0.57 0.55 0.45 0.60 0.68 1.00 0.70 0.57 

4 
x [%] 11.28 10.58 6.88 4.37 7.33 6.69 3.25 1.55 
s [%] 0.70 0.45 0.59 0.51 0.64 0.76 0.56 0.42 

6 
x [%] 10.25 8.40 4.07  5.08 3.36 1.07  
s [%] 0.37 0.27 0.55  0.95 0.69 0.48  

 I. conditioning after pressing ( = 65 %, t = 20 C) 

2 
x [%] 11.81 11.51 10.98 10.54 11.08 10.25 9.69 8.94 
s [%] 0.22 0.21 0.18 1.13 0.52 0.53 0.23 0.30 

4 
x [%] 11.29 11.10 10.16 9.29 9.94 9.52 8.75 8.22 
s [%] 0.30 0.19 0.23 0.18 0.20 0.44 0.19 0.26 

6 
x [%] 11.10 10.54 9.37  9.20 8.40 8.41  
s [%] 0.16 0.17 0.23  0.16 0.16 0.16  

 II. conditioning after pressing ( = 80 %, t = 20 C) 

2 
x [%] 17.35 17.26 17.08 16.79 16.71 16.32 16.25 15.72 
s [%] 0.34 0.28 0.18 0.27 0.51 0.48 0.22 0.35 

4 
x [%] 17.22 17.18 16.93 16.47 16.34 15.84 15.95 15.38 
s [%] 0.37 0.23 0.26 0.24 0.42 0.33 0.33 0.38 

6 
x [%] 17.12 16.98 16.63  15.85 15.35 15.85  
s [%] 0.23 0.37 0.18  0.53 0.56 0.37  

 
 After removing from the pressing equipment, the springback of each specimen was 
determined according to the Eq. (1). We also monitored the changes in specimen thickness 
after conditioning at  = 65 %, and  = 85 % (Fig. 2). These changes in specimen thickness are 
related to the initial specimen thickness H0, making 16 mm at 20 % compression and 12 mm 
under 40 % compression. 
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A)                                                                                      B) 

 

 

 

Fig. 2 Dimensional change dependent on pressing temperature and time. 
 A) comprimation by 20 %, B) comprimation by 40 %. 

   
 The dimensional stability of specimens removed from the pressing equipment inversely 
correlated with varying moisture content. For both compression degrees, the lowest dimensional 
stability corresponded to the pressing temperature of 160 C and the pressing time of 2 min. This 
fact is explained in Fig. 3 – showing that the temperature in the centre of specimens compressed 
by 20 %, heated for 2 min was ca 50 C, which was not enough for ensuring their dimensional 
stability. The moisture concentrated in the centre of the compressed specimens caused 
a considerable springback. With raising temperature and increasing pressing time, the 
temperature in the specimen’s centre increased and the moisture content decreased, improving, 
in such a way, the dimensional stability also inside the specimen. At a temperature of 220 C 
and after 4 min pressing, the springback reached zero. In this case, the temperature in the 
specimens´ centres ranged 100–110 C (Fig. 3b). The same results were obtained after 6 min 
heating at 200 C. 

Having considered also other wood properties such as surface colour, the optimum pressing 
parameters seem: 200 °C for pressing temperature and 6 min for pressing time. The temperature 
of 220 °C is associated with the risk of noticeable degradation of wood surface layers due to the 
heat. 

a) after pressing

11,1
9,8

7,7

5,0

7,7
6,5

2,1

0,2

2,9

5,5

0,0
0

5

10

15

20

160 180 200 220

Temperature [°C]

D
im

e
n

si
o

n
a

l c
h

a
n

g
e

 [
%

] 2 min.

4 min.

6 min.

a) after pressing

22,9

14,9

10,0
10,7

8,5

1,8
0,2

2,4
0,5

27,1

-0,1
0

5

10

15

20

25

30

160 180 200 220

Temperature [°C]

D
im

e
n

si
o

n
a

l c
h

a
n

g
e

 [
%

] 2 min.

4 min.

6 min.

b) after conditioning (φ=65%, t=20°C)

9,6
8,5

6,6

4,4

6,6
5,3

2,2
1,34,5

2,3 1,4
0

5

10

15

20

160 180 200 220

Temperature [°C]

D
im

e
n

si
o

n
a

l c
h

a
n

g
e

 [
%

]

b) after conditioning (φ=65%, t=20°C)

25,0

18,4

15,1

10,5
12,2

10,3

4,6
3,2

4,3
3,3 3,00

5

10

15

20

25

30

160 180 200 220

Temperature [°C]
D

im
e

n
si

o
n

a
l c

h
a

n
g

e
 [

%
]

c) after conditioning (φ=80%, t=20°C) 

15,0
14,0

11,9
10,7

11,7
10,6 9,9

15,5

12,5

9,5

13,2

0

5

10

15

20

160 180 200 220

Temperature [°C]

D
im

e
n

si
o

n
a

l c
h

a
n

g
e

 [
%

]

c) after conditioning (φ=80%, t=20°C) 

34,3

30,5

26,7

21,8
23,1

20,6
18,9

16,3

17,4 16,4 16,0

0

5

10

15

20

25

30

35

40

160 180 200 220

Temperature [°C]

D
im

e
n

si
o

n
a

l c
h

a
n

g
e

 [
%

]



 

20 

 

                                       
      

          
                      

Fig. 3 Temperature change in the specimen’s centre during pressing; a) pressing temperature 
160 C, b) pressing temperature 220 C. 

 
The compressed specimens were conditioned at temperature t = 20 °C and air humidity 

φ = 65 %, associated with the wood equilibrium moisture content of 12 %. After the 
conditioning, the specimens compressed by 20 % exhibited average moisture contents ranging 
within 12.0–9.3 % (Table 1). The results show that the raised temperature and prolonged 
pressing time caused only very small changes in the wood sorption. A more distinct drop in 
wood sorption was recorded in specimens compressed by 40 %. In this case, the equilibrium 
moisture content was 11–8 %. The conditioning at  = 65 % caused well recognisable 
dimensional changes, correlating with varying moisture content (Fig. 2b). Further conditioning 
at  = 80 % caused significant increases in the specimens´ moisture content values, in many 
cases reaching the equilibrium of 17 %. Despite this evidence, the specimens exhibiting these 
moisture content values had not restored their original dimensions (Fig. 2c). In this case, the best 
results were obtained for the pressing temperature of 200 C and the pressing time of 6 min, or 
for. 220 C and 4 min, but not even these values were sufficient for guaranteeing the 
dimensional stability of the compressed wood in environment with high relative air humidity. 

The causal factors for springback after the load removal are elastic strains (instant and time-
elastic) and restoration of hydrogen bonds. The renewed hydrogen bonds enable reorganisation 
of macromolecular and submicroscopic structures and conformations. The result is renewal of 
hygroscopic deformation of wood – wood “swelling”. These changes are getting more 
pronounced with amounts of water remaining in the compressed wood. 

The results show that these deformations depend on temperature. The molecular 
mechanisms underlying changes in wood associated with temperature is different from the 
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changes associated with moisture. Wood heating accelerates the movements of its basic 
elements (thermal movements), with inducing significant physical and chemical changes in this 
material (KAČÍKOVÁ and KAČÍK 2011).  

Wood polymers are most frequently characterised with three temperature ranges and the 
three corresponding states – glassy state, viscoelastic (transitory) state and viscous flow (rubbery 
state) (KÚDELA 1992). For some polymers, IRVINE (1984) reports even five possible temperature 
ranges. Five temperature ranges are also observable in lignins of some broadleaved woody 
plants (KUBO et al. 1997). The different ranges are associated with different polymer properties 
and performance. From this viewpoint is important Tg temperature (glass transition). 

In case of dry hemicelluloses and lignin, Tg > 100° C (IRVINE 1984, SOLÁR 1997, OLSON 

and SALMÉN 1997 and others). The last-cited works, however, are showing evidence for an 
especially significant dependence of Tg on moisture content. The temperature range for Tg is 
from 60 to 100° C for wet lignin, and from 0° to 100° C for hemicelluloses. The values vary 
with the moisture content. With increasing moisture content increases also the difference in Tg 
between the two discussed wood components. It is because the hemicelluloses in wood are 
highly hygroscopic and they absorb the considerable water amounts.  

In this temperature range, no Tg values can be observed for cellulose – due to the high 
crystallinity of this component. WOODWARD (1980) reports for cellulose a glass transition Tg 
value of 230° C. Some authors cited in LINDSTRÖM et al. (1987) report 200 °C for Tg of dry 
cellulose, with other Tg values being inversely dependent on moisture content. 
 The glass transition of wood in plasticization process is supposed controlled primarily by the 
Tg of lignin. In case of beech wood, the Tg range is 65–75 C (OLSSON and SALMÉN 1997). The 
last cited authors suggest that these low Tg values of beech wood were mainly due to high 
abundance of methoxyl groups in lignin. As it follows from KÚDELA (2005), Tg temperature can 
be controlled, to some extent, also by the duration of thermal or hydrothermal treatment.  

Reduction of wood hydrophilicity and permanent dimensional stabilisation of wood after 
pressing requires reaching the rubbery state. For reaching the rubbery state of lignin in pressing wood 
with low moisture content, there are necessary substantially higher heating temperatures (180–
200 °C) – documented with the results of ITO et al. (1998b),  INOUE et al. 1998 and DWIANTA et al. 
1999.  

Considering our initial moisture content of 17 % (air-dried wood) and considering the fact that 
wood moisture content exhibits significant decrease during pressing, we decided for the pressing 
temperatures from 160 to 220 C. These values should guarantee the third transition phase – rubbery 
state for wood polymers during wood pressing. This is true, however, only under the assumption that 
the body has been heated across the entire cross-section. This assumption, however, was not met 
within our pressing times. 

Our results allow us, in relation to permanent changes, to declare 200–220 C as the optimum 
pressing temperature range and 4–6 min as the optimum pressing time range for specimens thick 
20 mm. With these parameters, there was obtained almost 100% dimensional stability after 
pressing. However, the same did not hold under moisture loading. Increasing moisture load 
caused decreasing stability of the test specimens.  

The obtained results indicate that, during pressing, lignin turned to rubbery state and served, 
in our opinion, an important role for specimens´ dimensional stability. The central wood layers, 
however, did not reach this state, which we suppose to be the primary cause of worsening the 
dimensional stability of specimens after moisture loading. The results suggest that there is 
necessary to decide the pressing time guaranteeing appropriate heating also for central layers. 
This time will depend on the pressing temperature and on the pressed body thickness. Similar 
results were also obtained by ITO et al. (1998a), investigating the mechanism of permanent fixation 
of pressed wood. The authors observed that higher pressing temperature might need shorter 
pressing time. The dimensional stabilisation at pressing temperature of 200 C required pressing time 
of 4 min, while at 180 C, the pressing time was needed three times more.  
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The pressing parameters also influence the pressed wood density. Table 2 shows that the 
average density of beech wood after pressing was from 765 to 1040 kgm–3. BLOMBERG et al. 
(2006) report the average density values for seven wood species pressed under a constant pressure 
of 130 MPa, ranging within 750–1100 kgm–3.  
 
Tab. 2  Density in specimens in individual phases of experiment (n =10). 

Pressing 
time  
[min] 

Statistical  
characteristics 
of density 

Temperature [ºC] 

160 180 200 220 160 180 200 220 
Comprimation by 20 % Comprimation by 40 % 

 After pressing 

2 
x [kgm–3] 765 762 775 779 874 881 930 957 
s [kgm–3] 21,0 20,9 20,6 21,3 36,8 57,6 29,6 32,6 

4 
x [kgm–3] 772 801 795 794 947 961 1018 1011 
s [kgm–3] 20,7 74,1 21,5 17,5 40,8 58,2 28,6 37,4 

6 
x [kgm–3] 788 796 795  1003 1038 1009  
s [kgm–3] 14,6 18,6 21,6  37,6 50,6 30,2  

 I. conditioning after pressing ( = 65 %, t = 20 C) 

2 
x [kgm–3] 761 764 785 802 895 954 961 1025 
s [kgm–3] 27,4 17,5 20,5 12,8 64,3 76,3 26,6 31,2 

4 
x [kgm–3] 778 792 814 808 981 1013 1041 1030 
s [kgm–3] 24,7 10,8 27,3 22,1 38,8 56,6 33,7 32,7 

6 
x [kgm–3] 811 811 817  1046 1049 1026  
s [kgm–3] 9,5 12,2 33,2  47,5 48,1 30,8  

 II. conditioning after pressing ( = 80 %, t = 20 C) 

2 
x [kgm–3] 760 757 771 780 865 870 899 930 
s [kgm–3] 21,5 19,1 20,9 21,3 46 55,5 28,4 33,4 

4 
x [kgm–3] 771 776 791 794 911 926 956 965 
s [kgm–3] 22,3 14,4 20,4 20,4 43,2 64,0 29,2 39,9 

6 
x [kgm–3] 784 790 793  947 988 952  
s [kgm–3] 17,5 18,1 19,4  45,0 55,1 32,1  

  
 The results of the last cited authors demonstrate that the pressed wood density is primarily 
affected by the compression degree and by wood species. Our results have also confirmed an 
important influence of dimensional stability. At the same compression degree, higher density 
was obtained in specimens with better stabilised dimensions. In Fig. 2 we can see that the 
dimensional stability improved with increasing pressing temperature and pressing time. This 
means that the final density values were also controlled by these parameters.  
 The final density of the pressed wood is important from the viewpoint of its mechanical 
performance. Wood mechanical properties increase linearly with increasing wood density, 
equally in untreated and pressed wood (BLOMBERG 2006, KÚDELA 2010).  
 The concern was about wood density at specified moisture contents when the wood density 
was also partly influenced by the wood moisture. The specimens did not exhibit distinct changes in 
density after conditioning at  = 65 %. Statistically significant differences identified in some cases 
were not significant from the viewpoint of practice. Conditioning the specimens at  = 80 % resulted 
in a decreasing trend in wood density, despite the moisture content values were higher in all cases. 
The underlying cause is that the increase in wood volume due to increasing wood moisture content 
was more rapid than the corresponding increase in the wood mass. 
 The results suggest that the crosscut density patterns in pressed wood (density patterns in the 
pressing direction) will not be homogeneous. The variable density profiles reported in WANG 
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and COOPER (2005) show the same evidence. The consequence is lower dimensional stability of 
the pressed wood (KÚDELA and REŠETKA 2011).  

CONCLUSIONS 

 The results of our experiments have confirmed the dependence of dimensional stability on 
pressing temperature and pressing time. The dimensional stability improved significantly with 
increasing pressing temperature and time.  

Very good stability after pressing was obtained for pressing at the temperature of 200 C for 
6 min, or after pressing at 220 C for 4 min. These pressing conditions also induced significant 
decrease in moisture content and in sorption capacity of the pressed wood. 
 The tested pressing parameters did not guarantee for the pressed specimens appropriate 
dimensional stability after moisture loading. The results revealed that the specimens were not 
sufficiently heated inside. It follows that prolongation of the pressing time is necessary.  
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