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ABSTRACT 

The densification, i.e., transverse compression of solid wood can lead to improvements in the 
mechanical properties, and this can expand the areas of application for low-density wood species. 
For the past one hundred years, many efforts have been made to mass-produce densified wood 
products, but despite being available on the market, they remain niche products with low annual 
production volumes. One of the main reasons for this is that all available densified wood products 
are produced in a batch-type process, which limits the achievable process speed and integration 
into the continuous wood processing chain. For this reason, we propose a continuous surface 
densification process using a bespoke belt press – similar in principle to those used to produce 
MDF panels. The belt-press is capable of densifying full-sized wood boards at processing speeds 
of up to 60 m min-1. The primary belt for densification can be heated to temperatures above 160°C, 
while a subsequent belt functions as a cooling stage. During the densification process, the belt 
press can log the pressing forces, moments, and temperature. Preliminary tests with Scots pine 
specimens of 120 mm in width and 38 mm in thickness resulted in a twofold increase in peak 
density, after a pressing time of two minutes at 120°C. The resulting density profiles were similar 
to those obtained in studies using a static hot press. As the belt press can be fed with a continuous 
stream of boards, it has a higher net throughput than a static hot press. Further studies continue 
with the aim to evaluate different aspects relevant to the large-scale industrial production of 
densified wood products. 

INTRODUCTION 

The densification, i.e., transverse compression of solid wood can lead to improvements in the 
mechanical properties, and this can expand the areas of application for low-density wood species, 
in particular. For the past one hundred years, many efforts have been made to mass-produce 
densified wood products, but despite various densified products being available on the market, 
they remain niche products with annual production volumes of about 2,000 m3 in Europe – a very 
modest value (Jones et al. 2019).  
Hitherto, all commercially available densified wood products have been produced in a batch-type 
process, which limits the achievable process speed and integration into the continuous wood 
processing chain. Only Prof. Frederick Kamke from Oregon State University has made a serious 
effort to develop a continuous densification process, based on the VTC-method (Kamke and 
Sizemore 2004). Unfortunately, the proposed continuous press was never built, and thus far, there 
appear to be no further efforts into this direction. In two previous studies (Neyses et al. 2016a, 
Neyses et al. 2016b), we explored a continuous surface densification approach using roller 
pressing equipment. Desired density profiles with a pronounced peak close to the surface were 
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obtained at process speeds of up to 20 m min-1. However, the short contact time between the wood 
and the rollers made it difficult to integrate a cooling stage and treatments to reduce the set-
recovery into the process.  
For these reasons, we propose the use of a bespoke belt press – similar in principle to those used 
to produce MDF panels – which provides continuous contact for a much longer duration relative 
to using roller pressing equipment. This study covers the design of the belt press and preliminary 
test results. 

EXPERIMENTAL 

The bespoke belt press functions as a research and process development platform (Figure 1). It is 
dimensioned for the continuous surface densification of full-sized wood boards of up to 250 mm 
in width and 100 mm in thickness, with a pressing force up of up to 4500 kN. The processing 
speed can be adjusted to arbitrary values between 1-60 m min-1.  
 

 
Figure 1: The continuous belt-press for surface densification of large wood specimens 

The primary belt for densification is tilted in the feed direction to gradually compress the wood, 
and it can be heated to temperatures above 160°C. The tilt angle determines the compression ratio 
and can be freely adjusted within the 100 mm board thickness limit. The subsequent cooling belt 
with its high mass functions as a heat sink to cool the densified wood below its glass-transition 
temperature before it leaves the press. Concerning data collection, the belt press is equipped with 
sensors to log the pressing forces at four locations, the torque of all three belt-driving motors, and 
the belt temperatures. The open design of the belt press allows for digital image correlation 
analysis of the densification process.  
In a preliminary experiment, Scots pine (Pinus sylvestris) specimens with dimensions of 38 mm 
(Radial) x 120 mm (Tangential) x 1600 mm (Longitudinal) were surface-densified in the radial 
direction to a thickness of 27 mm, at a temperature of 120°C, and with a feed speed of 1 m min-1. 
The initial moisture content (MC) of the specimens was 13%. The density profiles of the densified 
specimens were measured with a Dense-Lab-X X-ray densitometer (Electronic Wood Systems 
GmbH, Hameln, Germany) with a spatial resolution of the X-ray beam of 0.050 mm, and a step 
length of 0.066 mm.  

RESULTS AND DISCUSSION 

Figure 2 shows the X-ray density profile in the densification direction of one representative 
surface-densified Scots pine specimen. The peak density was increased by 100%, over a thickness 
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of about 4 mm, after which the density gradually decreased until reaching the undensified core at 
a depth of 10 mm. In general, the density profiles were similar to those obtained by Rautkari et al. 
(2011) in a laboratory hot press, with a pressing time of 2.5 minutes, 15.6% MC, and a pressing 
temperature of 150°C. The feed speed of 1 m min-1 that was used in this study translates to an 
effective densification time of 2 minutes – in short, the densification parameters were in a similar 
range for both studies. This suggests that the densification in the continuous belt press behaves 
like the previously established densification procedures using a static hot press, which is logical 
because there is no relative movement between the specimen and the belt, and the tilt angle of the 
belt was only 0.3°. The advantage of the belt press is the larger overall throughput. A static press 
needs to be heated and cooled for every batch, which is more time consuming than the actual 
densification stage. In contrast, the belt press can be fed with a continuous stream of boards – a 
batch of unlimited size, as it were – once it is heated to the target temperature. 
 

 
Figure 2: The density profile in the densification direction of one of the surface-densified Scots pine specimens. 

MC = 13%, feed speed 1 m min-1, 29% compression ratio, 125°C belt temperature 

CONCLUSIONS 

The purpose of this study was to present a continuous densification method using a bespoke belt 
press for large specimen sizes, such as full-sized floorboards. Preliminary tests on Scots pine 
boards showed similar densification results to previously studied densification procedures using a 
static hot press, reaching a two-fold increase in peak density at a pressing time of about 2 minutes 
– but at a higher throughput than possible with a batch-wise process. The continuous belt press 
presented here makes it possible to study a potential large-scale wood densification process and 
aspects relevant to an industrial production process. New collaborations with other research groups 
have been initiated and will hopefully expand in the future. 
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