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1. Introduction 
 
Modification of wood has been a research topic at academic level for nearly a century 
already, however the area has never been as dynamic as in the last decade. The reasons for 
this are to be found in the conditions provided by modern society. The most important 
developments with respect to the use of wood are the increasing awareness that wood 
protection by biocides can have undesired environmental effects and the need to become 
much more careful with our natural resources, in this case tropical forests. The first leads to 
the desire to obtain new technologies to protect less durable softwoods of the moderate 
zones, the second leads to sustainable forest management and brings along a change in 
available wood species, a limitation in volumes and increasing wood prices. Under pressure 
of these developments, many ideas that had long been waiting in the laboratories were 
scaled up and were brought towards commercial products.  
 
Many definitions of wood modification are given in old and recent literature. Some of them 
include the demand of a change in chemical structure of the cell wall components. Recent 
insights have shown that this demand might be very hard to proof in many cases (1). Besides 
that, chemicals that merely bulk the cell wall would not fall under this definition. A wider 
definition is that wood modification involves a treatment of wood to enhance its properties, 
but that does not involve the production of a product that contains toxic residues. This last 
premise excludes the use of biocidal treatments and thus separates wood preservation from 
wood modification. 
 
In 2003 the first European Conference on Wood Modification was held in Gent, Belgium. The 
meeting was the final result of a EU supported thematic network entitled: “Wood modification, 
the novel base, providing materials with superior qualities without toxic residue” of which 
SHR Timber Research was the co-ordinator (2). In the final conference it became clear that 
wood modification is no longer an academic topic. Thermal treatments have already been 
penetrating the market for a number of years and several chemical modification processes 
are just emerging. The industrial input was noteworthy. In fact the success of the conference, 
and the network, was such that the organising committee decided to have a new conference 
in 2005. 
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2. Heat treatments 
 
In terms of commercialisation heat treatments are the most advanced in modification. In 
2001 in a special seminar of COST E22 heat treatments of wood were reviewed (3). At 
present there are four groups of treatments, all of which are on the market. The Finnish 
Thermowood, the Dutch Plato Wood, The French Retification and the German Oil Heat 
Treatment. 
 
Thermowood 
In 2000 eight heat treatment plants were operating in Finland (in 2004 twelve) with a capacity 
a little under 50 000 m3 / year. Big international timber companies like Finnforest and Stora 
Enso are producing under the Thermowood patents. In the Thermowood process the wood is 
heated in the presence of steam. Water steam is needed to prevent the wood from burning. 
Air contents are under 3,5% (4). Temperatures for the actual heat treatment period range 
from 150 °C to 240 °C, the time of the period is 0,5 to 4 h. Starting with non durable softwood 
species durability class 1-3 can be obtained depending on the process. In general the 
bending strength can be reduced up to 30% (5) with higher temperatures. A reduction in 
shrinking and swelling up to 50 – 90% is reported. The resistance against decaying 
organisms in ground contact is not acceptable (5). 
 
Plato 
The Plato process was invented in the 80’s by Shell (6) and is now executed by the Plato 
Company in the Netherlands. It consists of three steps. The first step is a hydrothermolysis. 
The wood is heated under wet conditions. In this step it is believed that aldehydes and 
phenoles are made free out of the hemi-cellulose and the lignin. The second step is a drying 
process, which is needed because in the third step the curing is executed under dry 
conditions. The aldehydes and phenoles react with each other during the curing and form 
new polymers around the existing structures in the cell wall. In the first step temperatures 
typically are between 160 °C and 190 °C. In the curing step the temperatures are between 
170 °C and 190 °C. Duration of the process steps is as follows: thermolysis 4-5 h, drying 3-5 
days, curing 14-16 h, conditioning 2-3 days (7). The durability depends on the exact process 
conditions but typically is between class 1 and 3 (8). Reduction in bending strength varies 
from 5% to 18%. Reduction in tangential swelling and shrinking (ASE) vary between 15% 
and 40%.  
 
Retification and Perdure 
In France at the Ecole des Mines de Saint-Etienne the process called retification (retified 
wood) has been developed. The Company New Option Wood now operates under the 
license. The process consists of slowly heating up pre-dried wood of around 12% MC up to 
210 °C to 240 °C, in a nitrogen atmosphere with less than 2% oxygen content (9). In 2001 
three plants were operating. A second French process is named Perdure. This process starts 
with fresh wood. The first step is artificial drying in the oven. Then the wood is heated up to 
230 °C under steam atmosphere. The steam is generated from the water of the fresh timber. 
With both processes the maximum temperature influences durability and mechanical 
properties. The higher the temperature, the more durable the wood, but also the more 
strength loss. Strength losses up to 40% are reported. Both processes are very sensible to 
slight temperature changes. This needs to be controlled precisely. The paintability of this 
wood is drastically affected. This is believed to arise from exudation of the resin from 
resinous species. Durability is very dependent on species, process temperature, process 
time, and accuracy of the process. Swelling and shrinkage are reduced with a factor 2. 
Equilibrium moisture content typically is 4-5% instead of 10-12% for untreated wood.  
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Menz oil treatment 
Most heat treatments are caried out at temperatures between 180 °C and 260 °C under low 
oxygen conditions. This has lead to the idea of heating up the wood in hot oils. The Company 
Menz Holz in Germany started with a hot oil treatment. It proved to be necessary to maintain 
the desired temperature (f.i. 220 °C) in the wood’s core for 2 – 4 h (11). The used oil, can be 
rape seed oil, linseed oil or sunflower oil. The used oil provides for good heat transfer into the 
wood and for separtion of oxygen from the wood. The obtained durability is very depending 
on wood species and temperature. For spruce temperatures up to 220 °C are needed to 
reach durability class 1, for pine 200 °C suffices. With the Menz process no reduction in 
stiffness was observed. However the strength was reduced by 30% when 220 °C was 
applied. Paintability with acrylic waterborne systems was reported to be good and even 
better than with gas-heat-treated material. Typical improvement in dimensional stability is 
40%.  
 
Royal process 
Recently much research effort has gone in the improvement of the Royal treatment (10). In 
this treatment the curing of wood preservatives is done by hot oil treatments. Since biocides 
are used in this case, it does not come under the given definition of wood modification. 
 
Thermochemical treatments 
There is a combination process that uses reactive oils in combination with heat treatments, 
see chemical treatments. 
 
 
3. Chemical modification processes 
 
In many papers the myriad of possibilities in chemical modification are described. A good 
overview is given in (12). In this paper the focus will be on the processes that are either on 
the market or close to the market. 
 
Furfurylation 
Just like with many other forms of modification, the first “processes” for furfurylation were 
developed several decades ago and it is only made commercially available in the last years. 
Furfuryl alcohol is a renewable chemical derived from furfural, produced from hydrolysed 
biomass wast (a.o. melasse). The acid catalyst reaction chemistry of fufuryl alcohol in wood 
is very complex. The result is a highly branched and cross-linked furan polymer grafted to 
wood cell wall polymers. 
 

CH2OH
O

 
 
Figure 1. Molecule of furfuryl alcohol 
 
In (13) the many ways of polymerisation of this molecule are given. Important is that the 
molecule in theory also forms covalent bonds with the lignin.  
 
Wood Polymer Technology (WPT) has made the process industrial. In Lithuania and in 
Norway the first plants have been built. Further distribution is foreseen by licensing the 
process. The wood is first impregnated with the treating solution by a full cell process. Then 
an intermediate drying step is needed and after that the reaction curing-step is caried out. 
During the curing step the wood is brought to temperatures of 80 – 140 °C by injection of 
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steam. The curing period is 6 – 8 h. Finally the wood is dried in a kiln to minimise emissions 
and to ship dry timber.  
 
The impact strength of the treated wood is strongly reduced, ranging from –25% at 15% 
weight gain to –65% at 125% weight gain. The stiffness however always increases from 30 
to 80%. ASE figures range from 30% to 80%. Durability (fungi) can be very good (class 1) at 
high weight gains. High weight gains also lead to insect resistance even for the aggressive 
Formosan termite. Influence of the treatment on paintability has not been reported.  
 
Acetylation 
From a chemical reaction point of view, the acetylation of wood with uncatalysed acetic 
anhydride is relatively simple. The basic reaction is given below. 
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Figure 2. The reaction of wood with acetic anhydride. 
 
The acetylation process of wood has been described already in the beginning of the 20th 
century. Research efforts since the late 80’s and in the 90’s have lead to the up-scaling of 
the acetylation process. The process basically consists of an impregnation step followed by 
heating up to start the exothermic reaction. After the reaction the mixture of acetic acid and 
acetic anhydride is removed form the wood. A post treatment process removes the residual 
acetic acid (14, 15). 
 
The construction of a 20 000 m3 full-scale production plant has begun. The Company that 
will bring acetylated wood to the market is called Titan Wood. Their aim is to provide an 
economic acetylation system and a range of products that exceeds the wood industry's 
expectations in terms of quality and performance.  Durability is always in class 1, 
dimensional stabilisation is 75% or more, strength properties are not influenced by the 
treatment (except a slight increase in hardness), the material is UV-stable and paint tests 
have shown remarkably good results. Termites do not prefer the material (choice test) but 
can eat it although not digest it. 
 
N-methylol 
The best known chemical in this category is dimethylol dihydroxyl ethylene urea, better 
known as DMDHEU. It is used world wide in textile industry as an anti-wrinkling agent. It can 
react with hydroxyl groups of lignin and of hemi-cellulose, but it can also form complex 
polymers with itself. In (16) an overview is given of DMDHEU (+ derivatives) and their ability 
to modify wood. Typical ASE’s are in the range of 30 to 40% at 40% weight gain. Strength 
properties are not or hardly influenced by DMDHEU treatments. The reachable durability 
class was not reported. Although adaptations to conventional wood preservative plants to 
make them suitable for DMDHEU treatments are relatively easy and cheap, to date no 
companies are known to prepare for this sort of modification. 
 
Thermochemical treatments 
At SHR Timber Research, research has been conducted on modified linseed oil a.o. in EU 
funded projects (17). This linseed oil has been altered by an ene-reaction followed by a 
Diels-Alder to provide the molecule with a maleic anhydride group. The use of this chemical 
for wood modification has been patented by DSM Resins (18). The combination of this 
reactive oil with heat treatments is new. It has lead to high durability, high ASE and no losses 
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in strength in laboratory conditions. At present, the up-scaling is being done and the timber 
treater Foreco in Dalfsen (NL) is the main industrial partner in that project. If the up-scaling is 
successful, the time to market will be relatively short. Any timber treater with a heated 
autoclave (old creosote equipment) can use this equipment with only slight modifications.  
 
Melamine treatments 
Melamine resins are forming a stiff solid network with themselves. There are many 
formulations of melamine. The amount of research on modification with melamine is quite 
high (19, 20, 21, 22). In general it is reported that in hazard class 3 conditions the behaviour 
of melamine treated wood is good. Micro-checks are prevented under normal exposure 
conditions. The top surface of the wood is much more stable. Durability tests also show good 
results, mainly depending on the amount of resin used. ASE values up to 40% are reported. 
There is a distinct industrial interest to start with melamine treatments of wood on a 
commercial scale. 
 
Hydrofobation with silicon treatments 
The last 5 years hydrofobation of wood has gained more interest. It is believed, that 
hydrofobation helps to reduce the average time that timber is wet under hazard class 3 
exposure conditions. The most researched group of chemicals used for hydrofobation of 
wood contain silicium (siloxy, silan, silicons, etc) (23, 24). Some commercial products are 
tested at present on one of the wooden gantries over Motorway A9 in the Netherlands.  
 
 
4. Conclusion 
 
In the last 5 years the commercialisation of thermal wood modification has become a fact. In 
the Netherlands there are at least 10 different brands of thermally modified wood available 
on the market. The present production of thermally modified wood worldwide is estimated to 
be 50 000 to 100 000 m3 per year and is still growing. The conclusion, that thermally modified 
wood has got a foot on the ground, is therefore justified.  
 
More recently the first chemical modification processes have reached the market or are in 
the process of coming to the market. In general the diversity of properties that may be 
reached by chemical modification is much bigger. In the laboratory it has been proven that 
almost any desired property can be improved with chemical modification. This may lead to 
either wood with superior qualities or to tailor made products. It is expected that the market 
for chemically modified wood will increase dramatically in the coming 5 years. 
 
The fact that modified wood now has established its name and is becoming a commercial 
success is very promising.  First because it will enable environmental responsible use of 
wood, second because it helps to preserve our natural resources and third because it 
promotes the use of one of the most important renewable resources (i.e. wood). 
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