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Abstract 

The continuous hot pressing of medium density
fiberboard (MDF) is a common and efficient way to 
produce this popular wood-based panels used for 
furniture and construction. The goal of this work is to 
develop a first-principles model of the process based 
on previously available work, and to use it to 
formulate predictions by implementing its numerical
resolution on the program EcosimPro by the 
methodology of finite volumes. Results of the model
are studied and compared with previous results 
available for a similar model of the same process from 
previous studies. The final purpose of the simulation 
is to be implemented as an online simulation as part 
of an integrated optimization and control scheme for 
a real MDF plant. 
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1 INTRODUCTION 

Medium density fiberboard (MDF) is a construction 
material produced from wood: during its production 
process the wood is chipped, softened with steam, 
grinded and mixed with adhesives, after which it 
undergoes a drying operation. Subsequent to this 
drying, the remaining fibers are compacted into an 
MDF panel, through a pressing process. Of particular 
importance due to its benefits is the particular case of 
continuous pressing. 

Continuous pressing is, as is usually the case, more 
beneficial than batch pressing, by increasing 
efficiency due to removing the start-up and finishing 
times, with all associated costs in time, adjustment, 
and material. The press is the most expensive piece of 
equipment, as well as a key limiting factor of the
production of the plant [2][4].  

During compression, the wood is heated, which results 
in evaporation of bound water, as well as in a 
polycondensation reaction affecting the resins added 
to the wood in previous steps. The rheology of the mat 
changes significantly with this processes as well. The
processes interact strongly with each other, requiring 
good knowledge of the fundamental mechanisms in 
order to obtain an accurate model.  

A number of mathematical models have been 
presented in the literature to model the process of 
MDF hot pressing since the eighties, when the 
technology started its mainstream use. One of the first 
models was developed by Humphrey and Bolton 
(1989) [8], for the batch process based on heat and 
mass transfer, and further work has provided other 
models for the batch process since then. However, the 
evolution of the technology to the continuous process 
has led to new models, such as the one developed by 
Thoemen and Humphrey, (1999, 2001, 2003) 
[5][6][7], accounting for heat and mass transfer as well 
as rheological and adhesion mechanisms in a moving 
reference. Pereira, Carvalho and Costa (2006) have
presented a model for the continuous pressing of MDF 
as well, based on a fixed reference frame [2].  

The paper is structured as follows. Next, a brief 
description of the pressing process. Section 3 
describes the model itself, based on the conservation 
laws of the fundamental mechanisms of mass and 
energy transfer occurring, as well as the assumptions 
used to simplify the model, along with further 
specifications of the process included in the boundary 
conditions. Section 4 gives the specifics for the 
resolution of the model for a particular case: starting 
conditions, as well as the numeric resolution strategy 
used: finite volumes. Finally, Sections 5 and 6 provide
the results of the simulation, and the final conclusions 
obtained respectively.  

2 PROCESS DESCRIPTION 

The wood chips originating from a previous process 
accumulate on top of a transport belt, forming the 
wood mat, which moves at the constant speed of the 
transport belt in the x axis 𝑣𝑚𝑎𝑡 . It remains in contact
with the environment for 2 meters, after which it 
reaches contact with the steel belt, which compresses 
it from its initial height 𝐿 to the press height. The steel 
belt is at a higher temperature, intended to dry and 
evaporate the water in the wood, and is the only heat 
source of the process. 

The bound water contained in the mat will begin to 
evaporate, mainly at the point of contact with the steel, 
driving an increase in the air pressure that will produce 
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assumption that the mat can be divided into a number 
of finite volumes with homogeneous properties.  
This methodology presents great advantages such as 
its intuitiveness for engineering processes such as this, 
and the fact that the conservation laws are strictly 
followed. 
 
The mat is divided into elements of length Δ𝑦 and Δ𝑧 
for the y and z azis respectively. This results in two 
axis that will go through discrete values from 1 to 2 ∗
𝑁𝑦, and 2 ∗ 𝑁𝑧. As symmetry conditions have been 
included in the boundary conditions, we need only 
study one fourth of the matress, and so the elements 
will range from (0,0) to (Ny,Nz). The length of 
element x is determined by the size used by 
EcosimPro, which changes dynamically.  

 
Figure 3: the mat is symmetrically divided into two 

halves and the upper one is divided into a number of 
finite volumes for simulation. 

 
Where it would be normally necessary, Δ𝑥 can be 
replaced with 𝑑𝑥

𝑑𝑡
= 𝑣𝑚𝑎𝑡 .  

For this case, 𝑁𝑦 =  5, 𝑁𝑧 =  5. 
 
The volumes are described as polyhedrons, using in 
this case cuboids. This allows for the transformation 
of the surface integrals to a summation: 

∮ 𝑓 𝑑𝑆
𝑆

= ∑ 𝑓 ∗ 𝐴𝑗

𝑗

 (11) 

Where 𝑗 is the numeration of the faces, and 𝐴𝑗 is the 
area of that face, easily calculated as the product of the 
lengths of its sides. 
 
5 RESULTS & DISCUSSION 
 
The following section shows the results of the 
simulation with the model with the proposed initial 
conditions and resolution method. Results are focused 
on the moisture, temperature and pressure profile 
along the y axis, and compared with results for a 
similar process by Pereira, Carvalho and Costa 2006 
[2] and Thoemen and Humprey [7]. 

5.1 MOISTURE CONTENT PREDICTIONS 
 
The evolution of the moisture profile is shown in 
Figure 4. Physically consistent, as the elements in 
contact with the hot metal are the leading force of 
drying. 
 
When contrasted with the results of [2] in Figure 5, it 
can be seen that, while the evolution of the variable 
shows similar trends, previous results predict both a 
faster drying in the surface, and a slower one in the 
interior of the wood. Clearly, the second effect is due 
to a lower diffusion parameter in Equation 9, while the 
first can be attributed to the inclusion of the effect of 
vaporization inside the wood, particularly significant 
at the edge, where the temperature is highest. 
 

 
Figure 4: moisture content profile as predicted by the 

current model 
 

 
Figure 5: moisture content profile as presented by 

Pereira, Carvalho and Costa’s (2006) 
moisture content profile 

 
5.2 TEMPERATURE PREDICTIONS 
 
The evolution of the temperature profile is shown in 
Figure 6. Physically consistent, as the elements in 
contact with the hot metal increase their temperature 
faster. 
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When compared to previous results in Figure 7, 
however, very different temperature profiles are 
observed inside the wood mat, suffering an effect that 
dampens the increase in temperature. This effect is 
attributed to the inclusion of the evaporation of water 
inside de mat to thermodynamic equilibrium, which 
will include an additional cost to increasing 
temperature, as this requires an additional energy cost 
in evaporation. The reason why this effect is not seen 
in the surface layer is clear when the remarks of the 
previous subsection are taken into account: the surface 
layer quickly losses its bound water, and thus has no 
dampening of its heating. 
 

 
Figure 6: temperature profile as predicted by the 

current model 

 
Figure 7: Temperature profile as predicted by 

Thoemen and Humphrey 2003 [7] 
 
5.3 GAS PRESSURE PREDICTIONS 
 
The evolution of the pressure profile is shown in 
Figure 8. The sudden peak after compression is due to 
the simulation of a single layer of wooden mat that 
advances in time in the direction x, which prevents 
backflow in x which would smooth the shape of the 
peak. Further development of the simulation into a 
multilayer simulation in order to study transient 
developments will also remove this issue.  
 
The comparison with Figure 9 shows two main 
differences: First, gas pressure descends much more 

rapidly in Figure 8: This is attributed to a higher value 
of the permeability 𝜅 in Equation 6. Additionally, it is 
seen that vapor pressure, not included in our 
simulation due to the simplification of the evaporation 
process, is expected to greatly influence the profile.  
 

 
Figure 8: gas pressure profile as predicted by the 

model 
 

 
Figure 9: gas pressure profile as presented by 

Thoemen and Humphrey (2003) [7] 
 
6 CONCLUSION 
 
A model of wood mat drying under continuous 
pressing was developed by following conservation 
laws applied to an arbitrary volume, and successfully 
implemented in EcosimPro by extending this model to 
the well-known finite volume method. The evolution 
of temperature, moisture and pressure were 
particularly studied, and shown to have significant 
divergence with previous literature. 
 
The evaporation mechanism is assumed to be 
simplified for first simulation (Assumptions 3 and 4 of 
Section 3.2). This simplification is, at first sight, valid: 
the humidity profile is similar, with differences caused 
mainly by the different diffusion coefficients. 
 
However, the effects of this assumption is seen in the 
temperature and pressure profile: Thus, while the 
amount that evaporates inside the wood mat is 
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