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Abstract 
In this paper a concept for modelling selected sub-

processes of the manufacturing process of 

particleboards is presented. First, the entire process is 

described briefly, and then special attention is on the 

stages drying and pressing. Afterwards models for the 

dryer and press from literature are discussed. 

Furthermore, a concept for the planned models of the 

selected stages is presented. The future objective is to 

use the developed models of different stages of the 

manufacturing process to control the process using 

statistical models. Thus the impact of potential measures 

can be simulated.  Finally there is a short conclusion 

including an outlook on future work. 
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1 Introduction 

The particleboard was invented by Max Himmelheber 

and he took out patents since the beginning of the fifties, 

see (Jägersberg, 2004). The industrial manufacturing 

process of particleboards consists of several consecutive 

sub processes. The quality of the produced particleboard 

depends on the raw material and the different processing 

steps. To ensure a high quality of the final product, while 

optimizing the use of energy and resources, adjustable 

process parameters need to be continuously adapted 

(Riegler et al, 2013). Previous simulations of potential 

measures can predict the impact of these measures and 

hence avoid possible costs of rejects. Therefore, models 

with different levels of detail of selected steps for the 

entire process need to be considered. By modelling the 

entire process, the interactions between different 

process stages can be studied. This generates a deeper 

understanding of the manufacturing process and enables 

a more efficient usage of resources. In this paper, 

mathematical models for two important process steps of 

the manufacturing process of particleboards are 

discussed. 

2 Manufacturing Process of 

Particleboards 

The description of the manufacturing process is mainly 

based on (Rowell, 2013). In general, round wood, wood 

residues and recovered wood are used for the production 

of particleboards. The amount of these raw materials 

depends on the availability, the system specifications 

and the type of the produced particleboard. Based on 

(Wagenführ, 2012) in Fig. 1, a schematic representation 

of the manufacturing process of particleboards is 

depicted. The considered process is called flat pressing 

process, i.e. the mattress passes the press horizontally. 

A particleboard consists of three layers. On the one hand 

the so-called surface layers, which in general constitute 

of fine particles, and on the other hand the core layer, 

where the larger particles are used. Therefore the sorting 

of the particles in different fractions is an important step. 

The resin metering is different for the surface and core 

layers due to the differences of the used particles. There 

are different adhesives, which can be used for the 

production. In most cases, urea-formaldehyde (UF) 

resin is used for the production.  
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Figure 1. Manufacturing process of particleboards based 

on (Wagenführ, 2012). 



Two stages of the manufacturing process are considered 

in more detail in the following. 

2.1 Dryer 

The moisture content of the particles is a crucial feature 

for the manufacturing process. Therefore, the drying is 

an important step. There are different types of dryers. 

One of the main differences is the method of heating. 

The two possibilities are direct or indirect heat, which, 

inter alia, cause different temperatures resulting in 

different drying processes, see (Wagenführ, 2012). 

2.2 Press 

The two important characteristics during pressing are 

temperature and pressure. These two factors influence 

the density of the product and the resin hardening during 

pressing. There are different types of presses: batch 

presses and continuous presses. In Fig. 2 a schematic 

illustration of a continuous press is depicted. 

 

Figure 2. Schematic description of a continuous press 

(Rowell, 2013). 

3 Mathematical Model 

3.1 Dryer 

In (Whitaker, 1977) based on the transport equations for 

continuous media, a theory of the simultaneous heat, 

mass and momentum transfer for porous media was 

developed. Two of the used equations are 

 Darcy's law:  

𝑞 = −
𝜅

𝜇
(∇𝑝 − 𝜌𝑔) (1) 

 Fick's law:  

𝜕𝜑
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𝜕𝑥2
 (2) 

 

The findings of (Whitaker, 1977) are used in (Younsi et 

al, 2006) (heat and mass transfer during heat treatment 

of wood), (Perre, 1999) (3D drying model for porous 

media) and (Torres et al, 2011) (vacuum drying of 

wood), where models for different applications are 

developed. For the most applications in drying, different 

moisture phases (free water, bound water and water 

vapor) have to be considered. In (Fyhr, 1997) a two-

dimensional model for drying wood chips in 

superheated steam and especially under conditions in a 

pneumatic convective dryer is presented. 

Based on models from literature, the decisive factors for 

modelling the drying of particles are worked out. Using 

these characteristics and the underlying physical laws, a 

model for the dryer will be developed. There will be a 

distinction of direct and indirect heat for the simulations. 

Furthermore, a more detailed model will include 

properties of the particles like for example the size. The 

goal of these simulations is to compute the moisture 

content of the particles. The dryer is rather at the 

beginning of the whole manufacturing process, 

therefore the moisture content is a state variable, which 

is important for most of the following steps. 

3.2 Press 

In (Thömen, 2010) a model of a hot-press is described. 

This model consists of three main parts: coupled heat 

and mass transfer, material compression, resin 

hardening. The simulation of the heat and mass transfer 

is realized using an approach based on finite-volume 

method. The simulation was applied on the 

manufacturing of medium-density fiberboards (MDF). 

The manufacturing process of MDF is similar to the 

process of particleboards, which is described in Fig. 1. 

The output of the simulation is the internal bond 

depending on the position in the mattress over the course 

of the hot-pressing process. The results of the simulation 

were compared with experimental results of one-layered 

MDF boards, produced in laboratory scale. 

The moisture content of particles, which is computed 

with the model of the dryer, will be included in the 

model of the hot-press, i.e. the moisture content of the 

particles is an input variable for the model of the press. 

Moreover the geometry of the particles and the structure 

of the mattress are used for a detailed simulation of the 

hot-pressing. Using the structure of the mattress, the 

motion of steam during pressing can be simulated. 

4 Conclusion 

By means of the dryer and press it was shown, that there 

exist many models for different stages of the production 

of particleboards. To analyze the combination of 

physical processes, the connection of different models is 

considered to be crucial. By using strict input-output 

relations for the coupling of the different model parts it 

is possible to extend the model by including more and 

more production steps and also to use models with 

different levels of detail. Future work will include 

modelling of processes at different levels of detail and 

additional stages within the manufacturing process. The 

aim is to build a simulation of the most important steps 

of the process. It is planned to validate model results 

using experiments (laboratory or industrial scale). Based 

on the results of the models of the physical processes 



during the manufacturing of particleboards, statistical 

models for process control are computed similar to 

(Riegler et al, 2013). 
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