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1. OBJECTIVES AND EXPECTED ACHIEVEMENTS

The project aims at developing a process which can be implemented in practice at a
commercially feasible scale and that makes wood more durable by combining reactive oils
with thermal modification. The objective is to produce environmentally friendly, high value,
durable wood products to compete with high value timber currently imported to the European
Union. This will be achieved by using reactive oils derived from natural vegetable oils to
protect wood used in targeted high value outdoor applications including gates, cladding,
joinery, garden furniture, and high quality fencing. The process research aims to obtain the
best results concerning durability of the product, strength of the product, cleanliness of the
surface with respect to further processing, aesthetics, and curing of the oils at the surface. All
these factors have to be investigated under the condition that the process remains
economically feasible.

1.1 Quality of the research and contribution to the relevant thematic
programme

This project will create and safeguard employment in numerous SME's in the European
Forestry and Wood Sectors. This will be achieved by enabling European grown softwoods
and non-durable hardwoods to access new high value added markets. The properties and
performance of the timbers will be comprehensively improved using ECOTAN process, a
thermal treatment combined with a natural vegetable hot oil treatment. The process, which
will be developed to a pilot plant scale within this project, will enable sustainably grown,
certified, timbers to be given excellent properties allowing them to compete with high value
imported timber. Commercialisation of this technology will create environmental
improvements in the use of timber and will replace imports. These objectives are closely
aligned with the aims of key action 5.3.1 within the Quality of Life programme. 

In recent years SME's in the European timber and Forestry sector have been effected by
considerable environment restrictions imposed on them in relation to:

• the use and supply of durable timbers from old growth and tropical forests

• and on the use of biocides to protect timber. 

These restrictions have produce environmental benefits for Europe but as a consequence there
is a real threat to the European Forestry and Timber Sectors, including an extensive network
of SME's whose business is based upon timber for outdoor use. This timber has traditionally
been sourced from old growth and tropical forests or from softwoods treated with biocides to
improve its durability. Some durable timbers can now be sourced from sustainably managed
forest but there has been a marked decline in the quality of the timber. This is causing serious
supply and quality problems for many SMEs making it increasingly difficult to compete with
fossil fuel based materials. In addition European SMEs that currently use or treat softwood
have an urgent need to find "environmentally friendly" alternatives to these products before
their use becomes further restricted by European and national legislation. At the same time
Europe's production of plantation-grown timber is increasing year on year. For instance the
Uk's Forestry Commission has stated that over the next 15 years the production of UK grown
timber will increase from 8 million m3 per year to approximately 17 million m3 per year. It is
essential to find new, high value added uses for this timber.

In general commercial European produced timbers have only low or moderate durability and
dimensional stability. In contrast timbers such as Western Red Cedar (WRC), primarily
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imported from Canada and North America, are sold for considerably high prices because of
their excellent durability and dimensional stability. WRC and many highly priced hardwoods
are widely specified by architects for constructional products such as house cladding and
joinery, despite their sometimes-questionable environmental credentials compared to
European grown timbers. For example WRC is often source from Virgin forests. Architects
would like to specify timbers with the same performance as WRC, that are sourced from
home grown, certified timbers that have not been treated with biocides. To date this is NOT
possible.

 The project brings together a strong partnership of supply chain companies, R&D experts and
end users who together have the expertise and desire to commercialise the technology. The
creation of the new source of high quality, sustainably produced, durable timber will create
opportunities to extend the use of timber for cladding, external joinery and shingles, replacing
fossil fuel based materials and in turn helping to meet the governments targets for CO2
reductions. The development of these new products will bring together the supply chain to
establish ongoing commercial partnerships for the future. The lead partner plans to begin
construction of a full-scale plant soon after the successful completion of this project. It is
anticipated that commercial production would begin approximately 2 years after the
completion of the project. This would supply the other SME partners with the raw material to
produce high value products.

1.2. Degree of innovation

The ECOTAN process, to be developed at a pilot plant scale within this project represents a
major step forward in wood modification. The initial laboratory scale results show that the
non durable European softwoods modified using this hot oil process which has been
developed on a small laboratory scale over six years in the Netherlands will:

 Have equivalent or better durability than Western red cedar (Durability class 1 in ground
contact), achieved without any strength loss, 

 Would NOT contain any biocides allowing it to be recycled, burned for energy or
disposed of safely at the end of its life,

 Have better dimensional stability than Western red cedar,
 Be sold for less than the current cost for Western red cedar,
 Remove the need for one or two coats of paint when used for producing joinery or

claddings,
The only other process that has achieved equivalent performance improvements for wood is
the acetylation process. However, in contrast acetylation involves complex chemical
engineering and is far beyond the scope of even the most advanced timber treaters and SMEs,
and the set-up costs for acetylation are orders of magnitude higher than those anticipated for
the ECOTAN process.

Heat treatment processes to enhance the performance and durability of timbers are being
commercialised in Finland, France and the Netherlands. Some of these products are already
being marketed thought out Europe. However, for all of these heat treatments there is always
some degree of strength loss (up to 25%) due to the heating and in contrast to ECOTAN,
durability class 1 in ground contact is not achieved by existing thermal treatments.

Within this project the process will be developed for Scandinavian Norway spruce, UK
Corsican pine and UK beech each of which has strategic importance to the SME partners.
Initial laboratory results for Norway spruce indicated that the ECOTAN process would
significantly improve the machining performance. This is a breakthrough since the difficulty
to achieve a good machining surface finish is the biggest single drawback in the use of spruce
appearance products2. Machined spruce normally exhibits raised grain, which is then
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exaggerated by the application of a water-based paint. The other two species have not
previously been treated.

2. PROJECT WORKPLAN

2.1 Introduction

SHR, the University of Wales UWB and BRE have been involved in the development of and
assessment of many wood modification techniques, both thermal and chemical. One of the
chemical products they have been working with, is linseed oil with added anhydride
functionality. Much of this work has been done by SHR in co-operation with the co-ordinator
, the timber treater Foreco and with the large-scale producer of the chemicals DSM Resins.
Within a number of national and EU funded projects this chemical modification process has
been further developed with reasonable success. 

A major breakthrough was reached in the laboratory when this treatment was done with
elevated temperatures, thus making a very effective combination of chemical and thermal
wood modification. This new process will be developed to a pilot plant scale within this
project and will include two new species of strategic importance to the SME partners.

DSM Resins has recently patented the use of unsaturated oils with added anhydride
functionality for wood modification purposes. Their goal is not to put up any threshold for
potential users but to withhold competing chemical companies. This means that following on
from successful completion of this project it is in DSMs interests to extend the use of this
treatment. DSM Resins is very co-operative within the project.

Adequacy of the chosen approach 

This project will develop the use of the ECOTAN process for three timber species of strategic
importance to the SME consortium. Although the process is inherently suited for use by
SMEs the vast number of variables to be considers means that establishing the treatment
conditions required complex R&D. An outline of the process is provided below.

• Wood is impregnated with the reactive vegetable oil using a vacuum pressure technique.

• The impregnated wood is heated in this or another better-suited or cheaper vegetable oil
at just above 100 °C until the major part of the water is “cooked” out of the wood.

• Then the wood is heated in the oil to about 200 °C. At this temperature the reactive oil
reacts with the wood and at the same time thermal modification of the wood takes place.
This is also the start of the cross-linking process. 

• Finally the remaining free oil needs to be removed from the wood and the surface needs
to become clean. In this stage further oxidative cross-linking of the oil can take place. 
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Fig. 1 Process flow diagram

The difficulties arise in the huge number of variables that can arise within this process for
different species. This is further complicated when up scaling to pilot scale and trying to
produce a uniform product of a predetermined quality with a specified performance.

Two of the species (Corsican pine and beech) have not previously been treated using this
process where as Norway spruce has achieved excellent results using laboratory treatments.
For this reason the work will progress on three levels / scales: 

Small-scale (screening)
Small-scale treatments will be carried out using the small-scale wood modification reactor at
SHR and the small/medium scale reactor at UWB in their 2 litre pressure reactor, with full
temperature and pressure control. This is scale where completely new treatments, species and
concepts will evaluated before those that are successful are progressed to the next scale. This
will set the broad parameter for the treatment of the new species. It will also be used for
essential work on determining allowable moisture contents and the use of glues, which will be
important to the end use applications and the economics of the processes.

Medium scale (laboratory scale optimisation)
At this scale the treatments will be carried out using the MP-2 reactor vessel at SHR. This is a
universal wood modification plant on (large) laboratory scale. The core of the MP-2 is a 25-
litre reactor in which wood with a maximum length of 50 cm can be treated. Other
components of this installation are a measuring vessel, two storage vessels and a gas and
damp treatment installation. The temperature and pressure in the storage vessels and the
reactor can be regulated independently of each other. In order to exclude the effects at the
cross cut sides, end-sealed wood will be used as much as possible. 

Large scale (pilot plant scale optimisation)
At this scale the treatments will take place in a 900 litre Pilot plant to be developed and built
at the site of Foreco (the SME co-ordinator). This will make it possible to treat wood with
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lengths of up to 3,0 m. Note: the minimal size of a commercial production autoclave would be
around 40,000 litres.

Foreco owns a 900 l reactor vessel and with it a buffer vessel. These vessels are provided with
double walls, which enables steam heating. The steam generator at Foreco is capable of
heating to temperatures of maximum 160 °C. Clearly significantly higher temperatures are
needed. This means that the generator needs to be adapted. The design and actual building of
the installation is a part of the project. The vessels will form the base of the new pilot plant.
All other needed parts and equipment need to be designed/developed, bought and built.
Although a rough design already exists the detailed engineering still needs to be done. 

At this scale the practical problems are anticipated in the removal of water from the timber by
“cooking”, because of the dimensions and the orientation of the reactor. Foam formation in
the oil is a considerable more complicated problem at the pilot plant scale compared to the
MP-2 scale. For a successful commercial implementation it is of the utmost importance that
this phenomenon can be controlled. The use of foam grids is one of the possible solution
pathways. For the curing step the process needs to be adjusted as well. The research to this
aspect needs to focus to the scale effects in order to be able to extrapolate to a 40,000 litre
scale after completion of the project. The goals at this scale are: 

• To adjusted to the process for the essentially deviating set-up. Important in this is that at
the large scale the effects of transport in longitudinal direction of the wood are much less
important, since the ration of cross cut area compared to longitudinal faces is much
smaller. Especially the fact that the pilot plant’s reaction vessel is oriented horizontally is
a major difference compared to the MP-2 (medium scale). 

• To assess/establish the stability of the total system. The influence of high temperatures
reduces the quality of the oil. A number of runs will provide an insight in to the stability
at pilot plant level and realistic estimates can be given of parameters like tank and oil life
at commercial scale.

• 

Process issues
The key process issues that need to be addressed with in the project are as follows.

Impregnation
The impregnation process will be important for each of the species and the following issues
will be addressed.

• The effect of temperature on viscosity of the oil. Temperature ranges of 20 to 60 °C
may be relevant. Higher temperatures may adversely affect the impregnation. Anhydride
functional linseed oil can start to cross link at higher temperatures in the outer layers of
the wood, thus blocking the pathways to the deeper areas.

• The effect of time and pressure. Diverse impregnation schemes will be investigated.
Especially the pre-vacuum is an important parameter. Even pre-pressure may be useful
(Rüping process). Additionally length and depth of the post-vacuum can affect the surface
quality and cleanliness to a great extent.

• Effect of wood species. Proposed wood species are Norway spruce, Corsican pine and
beech. 
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• Effect of starting moisture content. The wood moisture content is the first an important
factor during the impregnation. Second it is the major factor determining the time of
water removal during the “cooking” stage.

• Slope of the wood. Slope is an important factor to obtain surface cleanliness. In the MP-2
stage it is irrelevant because of the vertical orientation of the reaction vessel.

As response parameters for the impregnation the retention (kg/m3) and more important the
penetration depth and pattern will need to be determined. The assessing of the penetration is
not simple because the oils are hardly distinguishable in the wood, so method development is
an essential part of this part of the research. In order to exclude the effects at the cross cut
sides, end-sealed wood will be used as much as possible.

Curing 
The curing process consists of two parts. First at 100 °C the free water is cooked out of the
wood and second the wood is heated to the curing temperature. At this step the following has
to be investigated.

• Oil type. The curing might be performed in the reactive oil, reducing the number of
vessel and removing one change of liquid. From an energy point of view this option is
less favourable since the oils need to be heated and cooled down at every single batch.
Additionally the question arises whether oil degenerates too fast. Reactive oil will be
approximately 3 to 5 times more expensive than standard vegetable oils. This part of the
research should enable precise quantitative analyses to be made. Alternative oil types for
curing are rapeseed oil and linseed oil.

• Heating till cooking. In the heating stage the oil will first be heated to just above 100°C.
This temperature needs to be maintained for a certain time in order to transport the heat
into the (insulating) wood and in order to diffuse the water out of the wood. The time
needed for this process needs to be assessed. By mounting Pt-100 elements in the wood
the process can be monitored. By applying a light vacuum the evaporation process of the
wood can be accelerated. A balance needs to be found between the removal of water and
the (undesired) removal of oil. The vacuum can pull the oil out of the wood. An
additional point of interest is the formation of foam. The water bulbs, which will move
through the oil, will, especially under light vacuum, form persistent foam. This
phenomenon needs to be addressed. The use of foam grids may provide the solution.

• After the “cooking” the wood’s temperature will be increased to the curing temperature.
At this temperature the anhydride functional group of the reactive oil will bind itself to
the hydroxyl groups of the lignin and the hemicellulose. Oxidative cross-linking will also
start at this temperature. Curing temperatures range between 180 °C and 220 °C. During
the curing process pressure can be used as a steering parameter. A slightly increase
pressure probably keeps the oil in the wood. Alternatively a vacuum may be applied to
empty the cell lumen. 

• After the actual curing process the curing oil will be drained and the wood will cool
down. For this part of the process the slope of the wood is essential, but this will not be
investigated in the MP-2 stage (vertical vessel).

After going through the above mentioned steps the actual modification is finished. In the
research the compatibility with existing paint systems will be taken into account. Several
paint systems and application methods will be investigated. Following this, adhesion tests will
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take place. Even in this stage adding extra hardener (catalyst for the oxidative curing process)
can enhance the oxidative hardening of the rest oil for instance to the paint.

Stability of the oils
Many runs will be carried out to establish the stability of the oils, and to gain a more accurate
insight in the consumption of oils and the costs of the treatment. The number of runs needs to
be relatively high because it is expected that the oils will be relatively stable and will
therefore degenerate only after extended use. Besides that a large number of runs enables the
other partners to perform enough practice tests with the treated material. This also enables a
significant quantity of material to be produced for the production of prototype products. This
will be used to evaluate the processing difficulties and to determine customer perceptions and
market potential. In the final up scaling to a commercial level, after the project, the insight in
the stability of oils is of the utmost importance.

Performance evaluation
Extensive materials, component and prototype testing will be required within the project to
determine quality and performance of the timber produced. This is explained within the work
programme.
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2.2 Project structure, planning and timetable

2.2.1 Progress during the second reporting period

Overview of the project’s progress during the reporting period

Details of the activities can be found in: 3. Role of participant,  research activities
during the first period. In this paragraph an overview of the activities is given.

List of objectives

• To prepare the initial timber for treatment,

Finished and reported in the first reporting period.

• To determine the feasibility of using beech and Corsican pine (species will be
replaced if unsuitable)

Finished and reported in the first reporting period.

• To determine the initial processing parameters for species

Processing parameters for Beech, Corsican pine, Scots pine, Norway spruce, Sitka
spruce, Larch and Douglas fir have been determined. For Birch and spruce this has
been expanded to parameters for the two and three step process.

• To determine moisture contents for subsequent Work packages (Can green
wood be treated!)

Finished and reported in the first reporting period. This object is now being examined
at pilot plant scale were wood samples of bigger dimension are treated with different
initial moisture contents. The crucial attention point in this matter is the the
deformation and cracking of the wood as a result of the treatment.

• To establish the stability of the oil, to optimise the impregnation and the
curing,

For the small treatment this has been examined and found that the reactive vegetable
oil (UZA) was stable. Chemical analyses of original and used treatment oil have been
performed at University of Bangor. Optical and practical experiments have been
performed at SHR. It has been found that that oil is adequately resistant against the
stresses put on the oil by the treatment. Both temperature stress combined with
extractives from wood have been investigated. The oil can be reused over a long
period for numerous trials in a row. 
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For the large industrial scale the oil was not stable for treatments over a long period
for numerous trials in a row. Different reasons causing this at large scale have been
examined, analysing the differences between small and large-scale treatment. 

• To determine the opportunities for finger jointing,

This research is ongoing. Several trials with finger jointed Sitka spruce have been
performed. These first trials with finger jointed Sitka spruce were successfully and
showed that the finger joint was (optically) undamaged after treatment. What the
mechanical impact of the treatment on the finger joint is, will be further investigated
by the BRE.

• To ensure that the process is focused towards future economically viable.

The implementation of the present developed process knowledge and problem areas
still need a substantial input on top of the research which has been done so far.
Especially the specifications of the (vegetable) oils to be used will still require some
research, of which, by the way, the signals are quiet promising. The performed test
trials have given a more precise idea on the form of the process technology, which
will be needed for the real process on real industrial scale. For a reliable estimation of
the investment costs for a full industrial scale treatment facility, it is yet too soon.
There are too many questions still present with respect to, steps of the process, and
required treatment conditions. Answers on these questions have a great impact on the
required installation technique. The time until market introduction is therefore also
dependent on the above-described route. Besides that, the course needed to explore
the commercialisation of the aimed end products cannot yet be overseen completely.
The treated wood will need to find its own way in this, in which it only for a small
part will replace the existing wood products, but merely should serve application
where until wood has not yet been used. Or it could replace some tropical hardwood
species. A route of 3 to 5 year to actual introduction on the market has been found
realistic. In the second phase of the project input of the treatment at pilot plant scale
together with information on production of demonstration products, will be used to
validate these economic evaluations 

• To determine the properties and performance of the material (lab and
industry)

For the first round of developed treatments this has been finished and reported in the
first reporting period. The basic material properties of lab scale treated wood samples
have been made. The results obtained in these experiments show:

* Higher resistance against fungal decay
* Minor reduction of mechanical properties (reduction of the bending strength)
* Colour change and uptake of the oil can be steered by the process conditions
   (temperature and pressure) 

For the adapted process treatment new tests have been set up results will be reported
in the final report.

• To distinguish between the results from different treatments
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This has been extensively examined and the results have been reported in the first
reporting period. In the second reporting period it has been found that by the
introduction of RSO in the treatment as a second oil type for the heating phase
especially the surface quality of the wood has been improved. Also for the problems
of polymerising (oxidation) of the vegetable introduction of RSO appeared to an
adequate solution

• To upscale the process to pilot scale

Based on the results with the semi-pilot installation at SHR a design for the pilot
installation to be built at Foreco Dalfsen has been made. The pilot plant has been built
in the first reporting period. In this (second year) period extensive test and production
trials on the pilot plant have been performed. Installation facilities have adapted
several times in order to develop a practical and workable process. The focus was on
reduction of the heating-up time and reduction of the complete handling time to a
“one day” batch performing.

• To produce large scale test material

In the second phase of scaling-up, treating wood at large scale, new scaling up problems
occurred. These, for scaling-up  “normal”, problems have been analysed and suitable
solutions have been found and developed. The major problems that occurred were:

 * skin formation of polymerised oil layer on the surface of the treated wood

 * darkening of the oil and surface of the wood after numerous treatments in a row

 * complete polymerisation of the modified linseed oil (UZA) in the whole of the
installation

 * black precipitation on the surface of the wood after treatment, due to thermal
damaging of wood extractives and natural resins.

Changing the process to a two-step treatment using RSO as heating oil has solved the
major problems. With other (smaller) adaptations of the process the quality of the
produced wood has been increased sequentially. Momentary the pilot plant is fully
running and producing treated wood for demonstration products and for large scale
testing. 

• To correlate the small scale results to large scale results

The properties found for the large scale produced treated wood are correlated with the
earlier found characteristics of the properties of the wood produced at small scale. The
sampling of the test samples has been adapted in order to examine the effect of the larger
dimension of the wood at large scale. A profile (in depth) of material properties is being
achieved. Change of durability (resistance against fungi) and change of mechanical
properties as is now being analysed.

• To disseminate information.

Publications have been made and presentation at relevant symposia are given.
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• To produce real end products produced.

The first treated wood samples at the required dimension for producing the target
products are delivered. As a first cladding products and gates have been made.

• To ensure that the project is completed successfully and on time.

Due to unforeseen problems at the building and making operational of the pilot plant
an extension of the project was requested. The justification for this extension of the
project time is the delay with the building of the pilot plant and the technical
problems, which have been encountered during the trials to make the pilot plant
operational. The technical problems to make the industrial process operational could
not have been foreseen. This delay was estimated at 9 months. According to the
project plan large scale wood samples treated according to the novel process, should
have been produced in March 2004. This was now started at November 2004.
Especially the work input of the industrial partners is dependent on the production of
treated wood by the pilot plant. With this material large scale products will be
produced by the industrial partners and followed by a testing program and technical
and economical evaluation (WP4). This means that the availability of treated wood by
the pilot plant is crucial for the work input by the industrial partners and completion
of the project adequately. The planned large-scale service testing (WP5) cannot be
speeded up since this is bounded on specific testing times established in testing
standards. The output of this testing program is essential for the technical and
economic feasibility and indispensable for the accomplishment of this project. The
EU commission has granted the extension.

• To ensure that each of the milestones is delivered

Milestones mid term report and second year report have been delivered.

Achieved deliverables and miles stones

• D1 - Sample material prepared - Month 4 completed

• D2 - Initial processing parameters known for beech and Corsican pine - Month 6
completed

• D3 - Initial optimised process ready for up scaling in WP4 - Month 8 - completed

• D4 - Initial test material prepared for use in WP 3 - Month 6 - completed

• D5 - Initial treated material delivered to the SMEs - Month 10 – completed

• D6 - Pilot plant constructed - Month 12 - delayed and completed

• D7 - Processes optimised at pilot scale - Month 21  in  - delayed and completed
(extended to continuous process) 
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• D8 - Initial end products produced for testing and demonstration – Month 16 – in
progress / ongoing

• D9 - Test results for large scale production – Month 24 – in progress / ongoing

• D10 - Website. - Month 6 – in progress

• D11 - Data sheets with the new timber benchmarked against target species – to be
started

• D12 – Best practice guidance - – to be started

• D13 – Workshop (2X) – partly completed - ongoing

• D14 -  Articles as appropriate - partly completed - ongoing

2.2.1.1 Discussion-Conclusion

The knowledge and experience of the development of the treatment on small scale has
been used to design the up-scaled treatment process. A pilot plant has been designed
and constructed at the site of the co-ordinator. Test operations with the pilot plant
have lead to many necessary adaptations of the process at large scale. Ultimately a
practical and workable treatment process has been developed. Optimising the large-
scale treatment and scaling up to large dimensions wood samples have revealed more
scaling-up problems. The flexible approach with respect to the design of the pilot
plant and the possibilities to perform numerous types of treatment made it possible to
introduce technical solutions to solve these scaling-up problems. The occurred
problems have been analysed and suitable solutions have been found and developed
to workable modifications of the treatment process. The pilot plant is fully operative
and producing treated wood for demonstration products to evaluated. 

2.2.1.2 Future action

The future actions in the project will follow as much as possible the plan described in the
technical annex. The first priority now is to produce enough large scale test material for
the industrial partners to produce and evaluate products from the treated material. With
the information gained with this a more validated technical and economical feasibility
can be made. The next purpose for this information is to use it for dissemination in the
form of datasheets, best practice guidance and demonstration.

2.2.1.3 Action requested from the Commission

As described above the consortium requested a prolongation of 9 months of the project
time. The EU commission has granted this extension. No further action of the
commission is requested.
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2.3 Description of the workpackages
WP 1. Timber selection and screening
Start date:                           Month 1              Finish date:                                    Month 8
Partner responsible:                            UWB (6)
Partners involved (person-months):   Easts (1), Charltons (1), Barnsdale (1), SHR (1),
BRE (0.5) Persons months devoted: UWB (6), Easts (1), Charltons (1), Barnsdale (1), SHR
(1), BRE (0.5)
Objectives 

To prepare the initial timber for treatment,
To determine the feasibility of using beech and Corsican pine (species will be replaced if

unsuitable),
To determine the initial processing parameters for both species,
To determine moisture contents for subsequent Work packages (Can green wood be

treated!).
Description of work
Since this is a high value added process it will be important to treat only timber that is suitable for the end
products and to minimise or eliminate rejects. The precise details and optimisation of the process needs to be
determined for both species. An extensive number of variables are possible, screening will narrow them down.
The success of the processes will be assessed in WP2.

Task 1. Timber preparation/sorting
East, Charltons and Barnsdale will pre-selected timber to meet their own quality standards. They will dry this
to the required moisture content and supply this to BRE for sorting/grading. The sorted material will be used
for screening trials. The task will include the preparation of finger jointed timber by East (green and dry), and
finger jointing before and after treatment (for use in WP2). 

Task 2. Screening (Beech and Corsican pine)
Screening will be achieved using small scale treatments at UWB and at SHR to optimise the process for beech
and Corsican pine. Note: hardwoods have not previously been treated. During this screening the general
processing parameters will be determined for both species. Part of the screening trials will focus on
determining the quality of timber to be treated using samples prepared in Task 1. This will determine the 

response of timber from different parts of the log,
the presence of dead knots (relating to the initial moisture content), 

Task 3. Effect of moisture content
Treatments will be carried out primarily at UWB to determine the acceptable moisture content of the timber for
treatment. There will be a trade off between the costs of treating wetter timber compared to the costs of kiln
drying. The screening will evaluate the effect of three target moisture contents:
1) Low (12%)
2) Medium (18%)
3) High (green timber - above fibre saturation point)
Deliverables

D1 - Sample material prepared - Month 4  - completed
D2 - Initial processing parameters known for beech and Corsican pine - Month 6

completed
Milestones 

None
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WP 2. Lab scale process optimisation and preparation of test material
Start date:                                  Month 3                      Finish date:             Month 18
Partner responsible (person months:    SHR   (3)
Partners involved (person-months):      UWB (8.5), BRE (2), Foreco(0.5), DDJ (0.5),
Charltons (0.5).Devoted persons months ): SHR (3) UWB (8,5), BRE (2), Foreco(0.5), DDJ
(0.5), Charltons (0.5).
Objectives 

To establish the stability of the oil, to optimise the impregnation and the curing,
To determine the opportunities for finger jointing,
To ensure that the process is focused towards future economically viable.

Description of work - The work in this task will optimise the treatment for all three species. It will also
produce the tests material to be used in WP 3. Optimisation will begin with the parameters determined in WP
1. Treatment optimisation will take place at SHR (in the MP-2 installation) and at UWB in the 2 litre reactor.
Task 1. Stability of the oil 

For both the reactive oil and the curing oil their stability is a key factor. Issues to be addressed by UWB
and SHR are: the stability under influence of wood extractives and temperature, which oil is most suitable for
the curing process, is it possible and feasible to use the reactive oil as a curing oil (for each species and end
product), what is the maximum number of times the oil can be reused. All of these issues will influence the
products performance and the economics of the process.

To resolve these issues analysis of the oil composition will be performed by UWB using thin layer
chromatography, HPLC, GC, IR and NMR. Batch to batch variation will be determined and samples of the oil
used after various numbers of treatment cycles will be analysed.
Task 2. Impregnation

Development of the impregnation process is important for spruce/beech and will include the effect of
temperature on viscosity of the oil. Temperature ranges of 20 to 60 °C may be relevant, the effect of time and
pressure, effect of wood species. BRE/UWB will attempt to develop a practical/industrial approach to
determine the impregnation, the retention (kg/m3) and more importantly the penetration depth and pattern.
Potential techniques include FTIR and profiling techniques (developed by BRE). The assessment of
penetration is not simple because the oils are not visually distinguishable in the wood. Since this is a new
technology method development is an essential part of this research. The results will be correlated with depth
from the sample surface and with the local wood density. In order to determine wood density, it will be
necessary to use matched sets of samples so that density can be determined both before and after treatment.
Density will be determined using Archimedes methods, mercury porosimetry and helium pycnometry. It is
anticipated that researchers from UWB will spend some time using unique facilities at BRE for part of this
work.
Task 3. Curing
The curling process consists of two parts. First at 100 °C the free water is cooked out of the wood and second
the wood is heated to the curing temperature. The curing might be performed in the reactive oil. The advantage
will be that the number of vessels is minimised and at least one change of liquid is saved. From an energy point
of view this option is less favourable since the oils need to be heated and cooled down at every single batch.
SHR/UWB will determine whether the oil degenerates too fast. Reactive oil will be approximately 3-5 times
more expensive than standard vegetable oils. This part of the research should enable precise quantitative
analyses to be made. Alternative oil types for curing are rapeseed oil and linseed oil.
Task 4. Finger jointing
For many applications it will be essential to finger joint the timbers. Trials will determine if this can be done
prior to treatment of post treatment. In both cases can this be done dry or green (technology developed at BRE)
Task 5. Economic feasibility
The SMEs will monitor and evaluate the costs of the process to ensure that the process is economically viable.
Deliverables

D3 - Initial optimised process ready for up scaling in WP4 - Month 8  - completed 
D4 - Initial test material prepared for use in WP 3 - Month 6 - completed

Milestones and expected results
-
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WP 3. Evaluation of properties and performance (Small scale)
Start date:                              Month 5                 Finish date:       month 24
Partner responsible (person months:    BRE  (4.5)
Partners involved (person-months):     UWB (10.5), SHR (1), Charltons (2.5), DDJ (2),
Foreco (1), Easts (0.5), Barnsdale (0.5). Devoted persons months: BRE (4,5) UWB (10.5),
SHR (1), Charltons (2.5), DDJ (2), Foreco (1), Easts (0.5), Barnsdale (0.5)
Objectives 

To determine the properties and performance of the material (lab and industry)
To distinguish between the results from different treatments

Description of work
Tests will be performed on the material produced in WP 2. Tests will be focused towards high value
applications and will be co-ordinated with the process research (WP 2). The aim is to obtain the best results
concerning durability and strength of the product, cleanliness of the surface, aesthetics, and curing of the oils at
the surface specific to the target end products and individual timber species. Test method development will be
an essential. This is a completely new material. There are no established methods for determining the extent
and effectiveness of treatments.

Task 1. Determination of properties/performance and test method development
Tests will be carried out to determine:

Strength properties. Static bending tests MOE and MOR will be carried out together with impact strength
tests to determine the toughness UWB/BRE. Paired (untreated) samples will be used for comparison.

Relative humidity. The influence of RH on the equilibrium moisture content (EMC) of the wood will be
determined. Measurement of vapour sorption using a variety of RH environments to produce sorption
isotherms. Determination of the time take to reach equilibrium at different RH’s using a fully automated
Dynamic Vapour Sorption apparatus at UWB.

Liquid water. In many applications the rate of uptake of liquid water is of greater importance than the
influence of RH. It should be as low as possible. UWB

Contact angle of water Determination of on the treated wood surface to examine wettability at UWB.
Surface cleanliness. This is a very essential item, which could be crucial for the industrial application. In

the project a practical approach to this problem will be chosen. (SHR/UWB/BRE)
Durability/decay resistance will be determined using a selection of the following tests (BRE/UWB):

Basidiomycetes test (EN 113) combined with soil block and/or vermiculite tests for soft-rot (EN 807) moulds
and blue stain fungi. Long-term field tests will be set-up to determine the natural durability rating and will be
ongoing after the project. Tests will be carried out in ground contact EN252 stakes (500 x 25 x 50 mm), L-
joints EN330 (500 x 40 x 40 mm) and Lap-joints ENV12037. Evaluation of data will be essential to determine
the most representative test. (There are no appropriate EU standards for modified wood.).

Dimensional stability will be determined for changing environmental conditions. BRE will attempt
develop a practical/industrial approach based upon EN1910. This will be supported by selected more accurate
methods (UWB): determining dimensional stability of small samples using water soak-oven dry method,
determination of swelling coefficient and anti-shrink efficiency.

Paint performance. (UWB/BRE/SHR) Adhesion tests of one layer of paint on the treated material. UV
resistance of painted and not painted material will be tested by artificial accelerated daylight tests. Field testing
of coated panels (EN927). Three paint systems and different application methods will be investigated.
Following this, adhesion tests will take place. Even in this stage adding extra hardener (catalyst for the
oxidative curing process) can enhance the oxidative hardening of the rest oil for instance to the paint. 

Machinability. An insight into the machining performance will be gained through the preparation of test
samples and through industrial trials by Charltons. Also machining before treatment?

Hardness/abrasion/wear resistance a test method will be sought to show the service performance.
Colour stability and UV stability of the treated surface with, or without coatings (BRE/UWB). This will

involve evaluation of colour stability and extent of surface oxidation using IR. The focus will be on colour
variation after UV ageing. It is believed that the modified wood will change colour more uniformly than
timbers such as WRC, which will be a significant selling point for the end products. This will be assessed using
EN927 as for the coated panels

Re-colouring will also be considered to see if the original colour can be restored by the application of
further oil during service. This will be particularly desirable for gates. (UWB)
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Insects a very preliminary "look see" evaluation (BRE)
Fire performance a very preliminary investigation for interior wet use in bathroom/kitchens (SHR)

Task 2. Industrial evaluation
The SME partners will be kept informed of the test results and will interpret these in respect to their target end
products. Each of the SMEs will receive treated material for industrial trails. They will use the material in their
production environments and will determine its suitability for their respective end products. They will provide
feed back will be provided on aesthetics, customer perception, ease of use, machining, gluing, and painting. In
particular Charltons will display the material in its show room and their sales team will take it to customers and
discuss their perceptions.
Deliverables

D5 - Initial treated material delivered to the SMEs - Month 10 completed
Milestones and expected results

M1 - Mid-term Report progress report1  - completed
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WP 4. Pilot scale optimisation and production of test material (large scale)
Start date:                               Month 1                  Finish date:                        Month 23
Partner responsible (person months:    Foreco (14)
Partners involved (person-months):     SHR (5), UWB (2.5), BRE (0.5), DDJ (0.5),
Charltons (0.5),  Barnsdale (0.5), Easts (0.5). Devoted persons moths: Foreco (14), (SHR
(5), UWB (2,5), BRE (0.5), DDJ (0.5), Charltons (0.5),  Barnsdale (0,5, Easts (0.5)
Objectives 

To upscale the process to pilot scale
To produce large scale test material

Description of work - A pilot plant will be constructed to enable timber to be treated in practical
dimensions (lengths up to 3.0 m), albeit in small quantities. Timber will be treated in the pilot plant.
Task 1. Pilot plant - Design and Construction
The pilot plant will be constructed at Foreco and will be based upon an existing vessel. Foreco/SHR will build
the installation carrying out extensive engineering and design work to adapt the vessel for the conditions
required. This is an essential stage between laboratory treatments and full-scale commercialisation.
Task 2. Process optimisation

The optimised processes from WP2 will need to be adjusted to the different set-up needed for production. 
The impregnation process of the reactive oil will have to be adjusted. Again parameters including pressure,

temperature and time play the leading role. 
Practical problems are expected during the removal of water from the timber by “cooking”, because of the

dimensions and the orientation of the reactor. Foam formation in the oil is a more complicated problem at the
pilot plant scale. This must be controlled for successful commercial implementation. The use of foam grids is
one of the possible solutions. For the curing step the process needs to be adjusted as well. The research on this
aspect needs to focus on the scale effects in order to be able to extrapolate to a 40,000 litre commercial scale.
On a larger scale the effects of transport in longitudinal direction of the wood are much less important, since
the ratio of cross cut area compared to longitudinal faces is much smaller. 

The pilot plant’s reaction vessel is oriented horizontally, as will be the case for an industrial vessel, this is
a major difference compared to the MP-2 (lab vessel). In particular the research on surface cleanliness will be
strongly influenced by this and experiments with different types of timber will be important. 

The temperature should be constant and well controlled in the different process steps. This is of major
importance for the modification effects. Up scaling requires research into heat transport in large volumes of
liquid. The volume ratio of wood and oil changes considerably so cooling effects can not be neglected.

The stability of the total system must be assessed. The influence of high temperature reduces the oil
quality. A large number of runs will enable a realistic estimate to be made for the consumption of vegetable oil,
the life of the oil and the life of the tank. The pilot scale work will establish the stability of the oils, to gain a
more accurate insight in to the consumption of oils and the costs of the treatment. 

Determination of oil composition following treatment using HPLC, G, IR, NMR (UWB).
Determination of water content in the treatment oil using Dean Stark and Karl Fisher methods (UWB).

Task 3. Preparation of test material (large scale)
Material will be prepared for use by the end user companies in WP 5.
Task 4. Economic feasibility
All partners will make certain that the process remains economically viable. As the project develops it will
become possible to cost the process more accurately. It is essential that the material can be produced for the
same, or less than the competing imported timbers. Opportunities will be looked for to minimise the processing
cost. The question of an optimal design for a commercial plant will be an essential element of the final
economic feasibility. Although the project will not produce a blue print of a commercial installation, it will
give all the conditions needed for the designing process of such a plant.
Deliverables

D6 - Pilot plant constructed - Month 12 – delayed and completed
D7 - Processes optimised at pilot scale - Month 21 –delayed and completed (ongoing)

Milestones and expected results
None
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WP 5. Evaluation of properties, in service testing and demonstration (large scale)
Start date:                Month 15                    Finish date:                              Month 24
Partner responsible (person months:    BRE   (3)
Partners involved (person-months):     Charltons (5), DDJ (4.5), Easts (2.5), Barnsdale
(2.5), Foreco (2), SHR (1), UWB (1).  Devoted persons months: Charltons (3), DDJ (4) East
(1) Barnsdale (1) SHR (0,5) BRE (1) UWB (1)  
Objectives 

To correlate the small scale results to large scale results
To produce real end products produced
To demonstrate the application of the new material

Description of work
Based upon the results from WP 3 a selection of tests will be carried to cross check the results and determine
the performance of the material produced on a larger pilot plant scale. This will also enable some large size
components to be tested. This Workpackage will use full-scale material produced in WP 4.

Task 1. Large scale and in service testing
The material will be supplied to the end user companies who will use this material to produce full size
components for testing. These will be used both as test pieces and as demonstration pieces to help with
dissemination. This will give the companies and their employees hands on experience of the new material.

The testing of these components will be used to develop the basis for a quality control system. It will be
important to determine treatment rates (ESR method is a possibility), and the uniformity of the material.

Following on from the component testing further material will be supplied to the end user companies who will
use this material to produce real products: gates, window frames, cladding, garden items, and flooring. These
will be used both as test pieces and as demonstration pieces to help with dissemination. This will give the
companies and their employees hands on experience of the new material for production. e.g. For window the
performance of coatings will vary for different components of the window frame. Similar effects will occur for
gates and cladding. This will enable the use of the material to be evaluated for real production.

Examples will be placed on BRE's Garston field test site and monitored. If possible they will also be placed
on/in buildings. BRE employs over 680 staff working with all sectors of the construction industry and receives
numerous visitors from the industry every day. The on-site product test will expose a wide range of industry
representatives to the capabilities of this new material. Products will also be placed at SHR for demonstration
to the Dutch industry.
Deliverables
• D8 - Initial end products produced for testing and demonstration - Month 16  - in

progress - ongoing
• D9 - Test results for large scale production - Month 24 - in progress - ongoing

Milestones and expected results



21

WP 6. Benchmarking, best practice guidance and dissemination
Start date:                       Month: 1                    Finish date:                            Month 24
Partner responsible (person months:   Charltons (3.5)
Partners involved (person-months):     BRE (2), UWB (1.5), SHR (1), DDJ (1), Easts (1),
Barnsdale (1), Foreco (1) Devoted persons months: Charltons (1), DDJ (0.5) SHR (0,5) BRE
(0.5) UWB (1,5)
Objectives 

To bench marking the materials performance with respect to imported timbers
To produce best practice guidance
To disseminate the information

Description of work
Task 1. Benchmarking
An important part to the assessment of the performance results will be bench marking. This makes it far easier
for architects and specifies to understand the benefits of the new material. The new material will be
benchmarked with respect to Western red Cedar for cladding, European redwood for joinery and Iroko for
gates (BRE/UWB).
Task 2. Best practice guidance
Best practice guidance will be produced on the treatment of the timbers. Data sheets will be produced for
circulation to architects and specifiers(in English and Dutch). 
Task 3. Dissemination & customer perception

The outcomes of the project, best practice guidance and benchmarking will be disseminated through a
series of carefully targeted activities including a project website, two workshops (UK and NL) and
trade/professional journal articles for instance Timber Trades Journal, houtblad, timmerfabrikant and other
relevant magazines. Information will be disseminated directly to the UK’s and NL joinery through their trade
federation, the BWF and NBVT.

Portals such as www.constructionplus.co.uk and associated journals for engineers and architects will be
used to disseminate results, together with Chartered Engineering Institution and RIBA routes, leading to
awareness by more than a quarter of a million professionals. Through such professional intermediaries,
university and college channels will also be accessed.

Some of the products and components produced will also be used by the SME's to determination of the
customer/end user perception and market potential for the products manufactured from modified wood.
Charltons will include products in their show room and their sales staff will take these to customers for
feedback and dissemination. Similar activities will be carried out by all of the SMEs.
Deliverables

D10 - Website. - Month 6 – In progress - ongoing
D11 - Data sheets with the new timber benchmarked against target species - Month 24 –

to be started
D12 - Best practice guidance- Month 24 –to be started
D13 - Workshop (X2) - At the end of the project for potential end users to demonstrate

the new products and to explain their use and potential benefits - Month 24 – partly
completed - ongoing

D14 - Articles as appropriate during the project to disseminate information widely
amongst potential end users: architects, designers, construction companies. – partly
completed - ongoing
Milestones and expected results

M4 - Final Report – Not yet started

http://www.constructionplus.co.uk/
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WP 7. Project administration
Start date:                   Month 1                       Finish date:                            Month 24
Partner responsible (person months:    Foreco (4.5)
Partners involved (person-months):     SHR (2.5), UWB (2.5), BRE (2), DDJ (1.5),
Charltons (1.5),  Barnsdale (1.5), Easts (1.5). Devote persons months: SHR (2), UWB (2,5),
BRE (1,5), DDJ (1,5), Charltons (1),  Barnsdale (1), Easts (1)
Objectives 

To ensure that the project is completed successfully and on time.
To ensure that each of the milestones is delivered
To ensure the quality of the work

Description of work

Task 1. Co-ordination and Communication
The co-ordinator (Foreco) will have overall control of the project and will ensure that each of the workpackage
leaders delivers the work specified within each of the workpackages. In this role Foreco will be closely
supported by SHR who have extensive experience in the successful delivery of EC funded research projects.
The co-ordinator will have overall responsibility for reporting, finance, quality and liasing with the
Commission. The co-ordinator will arrange to sign the contract on behalf of the SMEs and will arrange for a
consortium agreement to be signed at the beginning of the project (before the contract is signed) as outlined by
the Commission.
Task 2. Communication and Reporting

The project partners will meet all together on a six monthly basis (5 times within the project) to discuss
process and aims face to face. Meetings will be hosted by the partners in turn to ensure that each partner gets to
see the facilities and operations of each other to build mutual understanding for future collaborations. Meetings
will be held as follows 1) SHR, 2) BRE, 3) UWB/Barnsdale, 4) Foreco/DDJ, 5) Charltons/Easts

All partners will have a direct role in several workpackages. They will also be kept informed of progress
by E-mail following significant developments. All of the research partners have previously worked together on
European projects and each of the SME's has previously worked with at least one of the research partners so
the group is well established to work together. 

The completion of a number of deliverables is required within the contract. These will be written and
compiled by the respective workpackage leaders and partners and will be sent out to project partners for
approval and comment before publishing. Good communication and participation of the project partners is
essential for the successful delivery of the project. This will be carried out through regular contact:
Day to day communication will be carried out primarily by email, but also by fax and telephone.
Meeting notes will be prepared to record decisions and actions and will distributed to the project partners

Task 3. Financial aspects
All project partners will keep accurate records of accounts of the project to be compiled for the annual and
final cost statements required by the EU. The co-ordinator will ensure that statements are submitted on time.

Task 4. Quality assurance
The project will be managed according to the research partners general procedures for quality control.

Deliverables
Ensuring that all previously listed deliverables are achieved

Milestones 
None, ensuring that previously listed milestones are met.
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ROLE OF PARTICIPANTS 

3.1 A1 - Foreco  

Scientific team:       
The work will be led by Mr. Peter Swager the Director of Foreco. Peter will co-ordinate the
project and will be actively involved in the planning and implementation of the project. Peter
has over 20 years experience of wood treatment. He has also been involved in several Dutch
and EU funded research projects. The work will primarily be carried out by relatively senior
members of Foreco’s staff because of the complex nature of the work: design, engineering
and process development. Operators will carry out some work but this will be the minority. 

For each of the four end user SMEs senior staff will carry out most of the work because it is
non-standard work that will need to be kept separate from normal production. Operators will
carry out some work but this will be the minority.

Foreco Dalfsen B.V. (the SME co-ordinator) is a medium sized SME specialised in round
wood, sawn wood and especially preservative treated wood. Foreco uses timber form Dutch
and European forests producing valuable products ranging from claddings and garden
products to sheet piling for road and waterway linings. A major part of the Foreco products
are used outdoors. Treatment of European softwood to increase the durability is necessary
under these circumstances. 

Foreco Dalfsen B.V. is one of the world’s most modern equipped timber treaters. Foreco
produces timber products in the highest quality grades. The products are granted the Dutch
KOMO certificate and the impregnation plant is ISO-9002 certified. One of the company’s
policies is to work in the most as environmentally friendly way possible. A modern fixation
installation for wood preservatives is an example of that. Avoiding the use of biocides would
even be better. This is not entirely possible to date. 

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives: 
The main objective of Foreco is building a full operating pilot plant at their site, in order to
plan a full-scale commercial plant within two years following successful completion of the
project. Implementation of this novel treatment method in the existing operation of the
company. Build-up knowledge on product properties and economic evaluation of market
possibilities.

Workplan: 
Foreco will co-ordinate this project. Foreco role following on from the project will be to
design and construct a full-scale plant and then to supply the other four SMEs with the new
treated timber. The pilot plant will be constructed at Foreco and will be based upon an
existing vessel. Foreco/SHR will build the installation carrying out extensive engineering and
design work to adapt the vessel for the conditions required. This is an essential stage between
laboratory treatments and full-scale commercialisation.

Deliverables: 
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Foreco is responsible for WP 4 and WP7 and deliverables: D6 and D7. Foreco will be
contributor to deliverables: D4, D5, D8, D9, D11 and D13.



3.1.1 Research activities of A1 – Foreco Dalfsen B.V.., during the year 2
reporting period

Work Package 1: Timber selection and screening

Task 1: Timber preparation and sorting

No involvement

Task 2: Screening

No involvement

Task 3: Effect of moisture content

No involvement.

Work Package 2: Lab scale optimisation and preparation of test material

Reported in the first progress report

Work package 3: Evaluation of properties and performance (Small scale)

Task 1: Determination of properties

Task 2: Industrial evaluation

Reported in the first progress report

Work package 4: Pilot scale optimisation

Task 1. Construction of the pilot plant

Reported in the first progress report
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Task 2: Process optimisation.

In this task pilot scale process optimisations have been performed in order to validate and
examine the different methods of treatment, which have been developed on semi-pilot scale
at SHR. Once the process on pilot scale had been optimised large quantities of treated
material has been prepared for the other industrial partners (Dingeman de Jong, Charlton,
Barnsdale and East), in order to make demonstration products and test and evaluate the
possibilities of the treated material for the aimed target applications.

Problems have been encountered in the large pilot plant scale processes during earlier
performed trials. The mayor problem in this sense was the stability of the modified oil
(UZA) after several treatments on pilot plant scale (see also report of Foreco on WP4, T2
and T4). 

The viscosity of the oil increased to very high level. The oil had to be removed from the
pilot plant installation in order to prevent further and damage problems with the installation.
In other find suitable solutions to overcome the problems at performing the treatment at
large scale, firstly alternative treatment methods have been tried out at smaller scale at SHR
in their 25 litre reactor (MP2). For the results of those trials see report SHR of in WP 4 task
2 and Task 3.

In this report the scaling up pilot scale process performing and optimisation of the treatment
at pilot scale will be described. In this development of scaling up to pilot scale many
(technical problems) have been encountered. The encountered problems during the scaling
up and process optimisation with be described in the report below. Also the developed
technical and practical solutions and test trials will be shown.

Test trials at pilot scale on process optimisation and preparation of large scale test-
material

SUMMARY
Below a summary in the form of chronological of occurrences and tests and trials which
have been performed at the pilot plant of Foreco in year two of the project.

• Several charges (Batches) with only UZA and impregnated into test wood (dummy
wood).

• Occurring of extreme thickening of the UZA oil after several batches in the pilot
plant

• Removal of the partly polymerised oil from the pilot installation
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• Adapting of the electrical installation of the pilot plant in order that no extra
electrical system (aggregate) will be necessary for a complete treatment at high
temperature

• Adapting of several parts of the installation (a.o. the pomp and tube system)

• Addition of the installation in such a way that the installation can be cleaned
internally with the use of a chemical resistant pomp.

• Replacement of the existing tubes by stainless steel tubes including appendages for
matter of safety (high temperature and pressure and possible leakage).

• Clearing of the internal of the installation by running the installation with sodium
hydroxide solution, in order to clear the installation from disturbing substances and
removal of polymerised vegetable oils.

• Clearing of the stock vessels

• Sodium hydroxide running of the installation needed to repeated several times in
order remove all the polymerised oil from the system

• Rinsing of the complete installation in order to remove residual sodium hydroxide
(solution). In order to prevent soaping of vegetable oils.

• Re-conditioning of the pilot installation in order to be able to perform treatment runs
with wood.

• Polymerised oil analysed in external laboratory in order to examine the reasons
behind the polymerisation.

• Filling of the installation with second treatment oil, rapeseed oil (RSO)

• Test runs with heating of the RSO, in order to find out speed of heating to treatment
temperature and other important characteristics of the RSO at high temperature

• Test runs with hot RSO in the complete installation

• Test runs with RSO at high temperature and wood 

• Developing and installing an extra external stock vessel for UZA oil in the
installation, in order to prevent that the UZA will polymerise again. UZA in a
separate system

• Test and treatment runs with combined UZA and RSO treatment of wood.

• Occurring of darkening of the RSO after several batches

• Analyses of the darkening and precipitation in the RSO. 
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Results and encountered problems during the test trial and the scaling up to the pilot
plant scale.

During the test trials on pilot plant a number of scaling –up problems occurred.  The most
prominent problems are listed below:

• Darkening of the oil after several treatments batches in the pilot plant

• Polymerised UZA on the surface of the wood after treatment

• Polymerisation and increasing of the viscosity of the UZA oil after several treatments
batches in the pilot plant

• Oxidised iron (FeO) (rust) inside the installation

• Darkening of the wood to a too high extend after treatment in RSO

• Black precipitation on the wood after treatment in RSO 

Darkening of the oil.

Figure: Darkening of the oil after several batches. Right virgin oil (in Tank1), left oil after
several batches

As can be seen in the figure above as severe darkening of the oil occurs after only e few
batches at 200 °C. 
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Polymerised UZA on the surface of the wood after treatment

One of the first problems that occurred with the one step treatment in UZA of 200 °C on the
pilot plant was the polymerised UZA on the surface of the wood after treatment. Because of
the high viscosity of the UZA not all of the UZA drained from the surface of the wood
during the draining phase at the end of the heating step. This layer of oil polymerises once
the reactor is opened and oxygen is present. Because the wood and the layer of UZA still
have a high temperature just after the heating phase the oxidation of the oil occurs in an
accelerated speed. Examples of the layer of polymerised UZA on the wood after the
treatment can be seen in the figure below.

Figure: Polymerised UZA on the surface of the wood after treatment
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Figure:  More examples of polymerised UZA on the surface of wood after treatment
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Polymerisation and increasing of the viscosity of the UZA oil after several treatments
batches in the pilot plant

In the figure below parts of the polymerised UZA can be seen. Firstly oxidised UZA was
appearing as a skin on top of the fluid in the stock vessel. These “oil skins” caused problem
in blocking of the filters, which are placed just before the pump and the heat exchanger.
After more batches (app. 5 batches at 200 °C). the complete oil polymerised to a thick paste.
The complete installation had to be cleaned quickly in order to prevent further
polymerisation and complete blocking of the installation. In several rising batches with hot
sodium hydroxide the polymerised UZA could be removed from the installation. 

This polymerisation of the UZA has lead to an extensive inquiry after the causes of this
problem on the pilot plant scale.

Figure:  Parts of the polymerised UZA
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POSSIBLE CAUSES OF POLYMERISATION OF THE MODIFIED LINSEED OIL (UZA)

Meeting Foreco Dalfsen  4 oktober 2004
Berend Jan Horstman (For), Gerrit Dekker (DSM)Ad Hofland (DSM), Bôke Tjeersdsma

(SHR)Peter Swager (For) Bas Holleboom (SHR)

Observed:

 After 6 batches in or with one load of UZA the oil has become very viscous. Oil is
almost a paste and cannot be circulated by means of the pump. 

 This effect has not been observed at the semi pilot scale at SHR on the MP2 after
several batches (>8).

Research after the possible causes and differences between the semi pilot and large
pilot scale performance of the process.

Difference between the MP2 scale and the full pilot scale 

MP-2 installation Pilot Plant Foreco Remarks

Stainless steel Normal steel Material of the isntallation

Clean operative system Rust  - iron parts after making
of the installation

begin situation

Electrical heating of the stock
vessel

Electrical heating of the stock
vessel

(pre)heating (possible thermal
damage of the oil)

Jacked heating of the vessel
reactor

Heat exchanger Heating

Movement of the oil from
vessel to vessel by means of
vacuum and pressure (N2)

Pumping system, turbulence of
the; mixing of air (with oxygen)
in the oil, mechanical damaging
of the oil by the pump.

Oil transport

Vessel – air removed by
applying vacuum – also runs
without vacuum.

Presence of large amounts of
air due to the low filling rate of
the reactor in the test phase of
the project.

Air / oxygen 

Air – Nitrogen (N2) above the
oil during storage over longer
periods

Air – Nitrogen (N2) above the
oil during storage over longer
periods

Air / oxygen

Spruce, Scots pine, beech
etc…all type of wood species

Spruce, Scots pine, beech
etc…all type of wood species.
Scots contain higher amount of
natural resins

Wood species
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Selected wood samples for
ideal experimental set-up on
labscale

Bigger samples (whole boards).
Scots contain higher amount of
natural resins which will melt
and be taken up by the oil

Natural resins in softwood or
extractives

Research questions:

1. How sensitive is the UZA for catalysts (Fe) air (oxygen), thermal damage, etc?

2. Can the UZA still be used as a thermal treating oil in the heating phase of this process?

3. What is the sensitivity of UZA in case of cold impregnation at 20 °C, 50 °C, 80 °C or
higher ??

4. What about the sensitivity in case oxidation speeder (drying catalysts) is added to the
UZA as for instance the use of peroxides?

5. What about the safety aspects of using peroxides?

6. Performing new series of treatment runs at the pilot plant of Foreco new shipment of
UZA is needed and to be supplied by DSM- production of DSM in Sweden. 

Figure: Photo of the inside of the reactor vessel with a thick layer of polymerised UZA

The answer if UZA still could be used as thermal oil in this installation and under the
process condition of this type of wood treatment was negatively. It had been decided that
the UZA only would be used as impregnation oil (at moderate temperature 80 to max. 150
°C). The heat step will be performed in a non-oxidising oil. For this purpose rapeseed oil
(RSO) is the most suitable and available oil. 
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Oxidised iron (FeO) (rust) inside the installation

From the inquiry shown above after the reasons for the polymerisation the impact of rust
still had to be examined. Rust (FeO) can act as a drying agent, which increases the speed of
oxidation of drying vegetable oils. Samples of the partly polymerised oil were analysed on
the iron content. The results below confirmed the hypothesis of a high concentration of iron
in the oil, leading to an accelerated drying of the UZA

Analysis Report AN2005-0252 04-06-04

From: M.J. de Boer

To: A. Hofland, DCR DPI

Job description: Fe content in vegetable oil

Project: 025104

Problem
This oil is used as thermal oil in an autoclave. Why is it so dark. And what could be the
cause of the polymerisation?

Samples

 (modified ) linseed oil sample  (UZA)

Analysis techniques

External analysis RuG (ICP-MS)

Results

Fe content :  3760  mg/kg

Conclusion

See results
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Darkening of the wood to a too high extend after treatment in RSO

With the introduction of a second step, heating in RSO at 200 °C an other problem occurred,
being a higher darkening of the wood after treatment. In the figure below this darkening of
the wood after treatment can be seen.

Figure: Some examples of wood (left: pine, right: spruce) which showed high extend of
darkening after treatment

This darkening is partly caused by the darkening of the oil. Also in the RSO an increased
concentration of FeO had been found. FeO is a known pigment in paint manufacturing
leading to a dark red colour. This type of colour also was found on the wood surface. An
other reason for darkening of the oil was black precipitation found in the RSO.  With
increased number of batches the concentration of this black precipitation increased leading
to next problem with the scaling up.

Black precipitation on the wood after treatment in RSO 
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In the figure below some examples of treated wood with black precipitation on the surface
after treatment are shown. In the figure the result of a two step treatment is shown,
impregnation in UZA (150 °) followed by a heating step in RSO (200 °C). As can be seen
the layer of black precipitation can be remove from the surface quiet easily just after the
treatment. Soon after the layer is more difficult to remove because the under layer of UZA
polymerises (oxidises). The black layer of precipitation sticks to the polymerised layer of
UZA. An extensive inquiry after the cause of the black precipitation has been done. The
first assumption was that the black precipitation was thermally damage oil. But analyses of
the black precipitation showed that it was thermally damaged natural resin originating from
the wood. The resins in some softwood species dissolve in the thermal oil at high
temperature. Since these natural resins are not stable at temperatures of app. 200 °C. burned
resins is found as a black precipitation in the heating oil. Runs with hardwood species
(Birch and Beech) after woods have confirmed this determination. In these runs no black
precipitation was found on the surface of the wood after treatment.

Figure: Some examples of wood with black precipitation on the surface after treatment.
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Set-up of the test and treatment trials at the pilot plant scale at Foreco

Goal

Scaling up the developed treatment methods, which have developed at MP2, scale at SHR to the
pilot plant scale (900-litre reactor).

• Getting hold of working experience with the pilot plant treatments and the process with hot oil.

• Determination of the “real” treatment times and heating-up times of the oil and system at the
pilot scale

Several test runs have been planned to acquire this information before in a second series treatment
runs will be performed to produce treated material for large scale testing.

Secondary goals of the test runs were:

• How to prevent polymerisation of the oil in the installation. The presence of oxygen leads to
oxidation of the oil (and therefor polymerisation). By the use of steam or Nitrogen gas, air (with
oxygen) can be excluded from the reactor.

• Orientation and placement of the wood in the treatment reactor. The aim is to prevent sticker
marks on the wood after treatment.

• Surface of the wood. For certain applications special demands are put on the quality of the
surface of the wood. By changing the two types of oil, RSO after impregnation with UZA, there
are possibilities to improve the surface cleanliness of the surface of the wood.

• Cleaning of the installation in case of polymerisation of the oil. Saponification the oil with a
sodium hydroxide solution, Questions to find out are how to handle this waste after the cleaning
operation.

Determination of the (optimal) process

It is the aim to copy more or less the process developed at semi-pilot scale (MP2) to the full pilot
scale. For this purpose several batches are developed and described below in the schedule of batches.
In the descriptions details of the batches are given. Especial the time required for each step has been
given special attention.

Th criteria the determine the optimal process method are:

• Condition of the surface of the wood

• Realisation of the aimed retention of oil into wood

• Hardening (oxidisation) of the oil

• Bleeding of the oil after treatment

• Deformations and cracking of the wood as a result of the treatment
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Dummy wood: Spruce and Scots pine 

For the use of pine a mix of boards with heart and sapwood are used. The dummy wood is used not
to analyse and test the wood for wood characteristics, but merely to examine the optimal process
conditions and get insight in the required process parameters. For this purpose wood of different
dimensions is used. A special filling level of the reactor is required. For spruce no pre-vacuum is
used since this is a hard to impregnate wood species. As a post treatment a vacuum step is used
under some conditions to remove residual oil from the surface of the wood.

The other wood species used are: Beech, Birch, Oak, Corsican pine and Fir. These species will be
treated with vacuum and sequential pressure during the impregnation phase with UZA. Vacuum is
applied in the reactor filled with wood prior to the inflating of the reactor with UZA. Temperature of
the UZA will be increased during the impregnation, in order to evaporate the water and reached the
required reaction temperature. A schedule of the methods used in the first 6 test bathes is shown
below.

Process step Batch 00 0 1 2 3 4 5

Pre-heating UZA x x x x x x x

Heating reaction vessel with steam N/A. N/A N/A x x x x

Filing reactor  vessel wood N/A N/A x x x x x

Pre-vacuum N/A N/A N/A N/A N/A x x

Impregnation N/A N/A N/A N/A N/A x x

Change oil RSO N/A N/A N/A N/A N/A x x

Heating reactor vessel x x x x x x x

Dewatering (above 120 °C) N/A N/A x x x x x

Heating to reaction temperature N/A x x x x x x

Maintaining reaction temperature N/A N/A N/A x x x x

Post-vacuum N/A N/A N/A x x x x

Cooling down N/A N/A x x x x x

Post treatment N2 gas N/A N/A N/A N/A N/A N/A N/A

Post treatment – Steam N/A N/A N/A N/A N/A N/A N/A

Post treatment  - change oil type N/A N/A N/A N/A N/A N/A N/A

Batch 00 (24-08-04)

This is the identical batch as batch 0, with the only difference that this batch is performed with extra
electrical aggregate for the pilot plant. With this batch the installation was tested at maximal heating
capacity. This was in first instance 15 kW. Under these conditions 200 °C was not reachable. The
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installation had been modified and the capacity has been increased to 45 kW.  With this capacity all
the necessary temperatures for the within acceptable time could be reached. With this effort the
system was made self-supporting and dependant on external electrical powers. Performed on 24-08-
04.

Batch 0 (01-09-04)

Pre-heating UZA x As high as possible

Heating reaction vessel with steam x Firstly without, depend on the
heating-up time steam will be used

Filing reactor  vessel wood N/A

Pre-vacuum N/A

Impregnation N/A

Change oil RSO N/A

Heating reactor vessel x To 120 °C

Dewatering (above 120 °C) N/A

Heating to reaction temperature x 200 °C (temp. Measured in the wood)

Maintaining reaction temperature N/A

Post-vacuum N/A

Cooling down N/A

Post treatment N2 gas N/A

Post treatment – Steam N/A

Post treatment  - change oil type N/A

Goal of this batch was to determine all the different (treatment) times needed for heating-up, without
that the reactor is loaded with wood. Meaning to estimate the heating-up times with only oil. With
this trial batch the difference with the actual treatment of wood can be seen. Especially the time to
the dewatering of the wood during the heating-up phase is an important aspect. 

Along with the performing of this batch some short comings of the installation with respect to the
aimed treatment of wood did arise. 

• De-air tubes are now used as retour-tubes. These tubes are not yet isolated. These tubes will be
isolated and a short-cut to existing isolated retour-tubes will be made.

• The front lid (door) of the reactor still loses much heat. This door is not isolated from practical
reasons.

• Steam heating will be installed. This is not yet needed because the capacity of the electrical
heating has been increased to 45 kW. 
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• Not yet on full capacity (40 instead of 45 kW). Relais system will be made in order to function
under full capacity.

Batch 1

Pre-heating UZA x As high as possible

Heating reaction vessel with steam x Firstly without, depend on the heating-
up time steam will be used

Filing reactor  vessel
wood

x  Filling with dummy wood
 Spruce, Scots pine, Larch

Pre-vacuum N/A

Impregnation N/A

Change oil RSO N/A

Heating reactor vessel x Directly to 200 °C

Dewatering (above 120 °C) N/A

Heating to reaction temperature x 200 °C (temp. Measured in the wood)

Maintaining reaction temperature N/A

Post-vacuum N/A

Cooling down x  To 150 °C

Post treatment N2 gas N/A

Post treatment – Steam N/A

Post treatment  - change oil type N/A

This is in this series the first batch with wood. The wood samples are placed on the carrier to go in
the reactor. The wood is place in such away that that many horizontal surface of the wood is exposed
in the reactor. The batch is meant only to have an impression of the required heating-up times with a
reactor filled with wood. The reaction time (120 to 180 minutes) has not been applied. In this batch
the focus was on the heating-up and cooling down phase of the treatment. 

The cooling down needs to be (especially) in the fist phase (at high temperatures) without the
presence of oxygen. The vacuum (or under pressure) which can occur during these phases of the
treatment can be completely reduced by applying steam or N2 gas. After this first cooling down
phase the reactor can be opened and the wood can further cool down in the open air. 

During maintaining the temperature at 200 °C the temperature in the heat exchanger appears to
increase. It appeared that this is caused blocking by the filters in system placed before the heat
exchanger. This blocking of the filters is caused by polymerise oil (skin) of earlier performed
batches.

The quality of the wood after treatment is very poor. Still a very thick layer of oil appears on the
wood. This has been found due to the post vacuum applied in this batch.
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Batch 2 (09-09-04)

Pre-heating UZA x As high as possible

Heating reaction vessel with steam x 160 ° C, including the wood, no oil

Filing reactor  vessel wood x  Dummy wood, cladding boards placed
vertically

Pre-vacuum N/A

Impregnation N/A

Change oil RSO N/A

Heating reactor vessel x To 120 °C, and further till heating
temperature

Dewatering (above 120 °C) x  Approx. From 120 to 140 °C

Heating to reaction temperature x 200 °C (temp. Measured in the wood)

Maintaining reaction temperature x  180 minutes

Post-vacuum x  Long from 17:00 to 9:00 next day

Cooling down N/A

Post treatment N2 gas N/A

Post treatment – Steam N/A

Post treatment  - change oil type N/A

Prior to every batch from now on (temporary) the filters will be cleaned. Through earlier performed
batch many parts of polymerised oil skin are floating in the treatment oil, which could block the
circulation of the oil in the system. The aim now is that are the heating-up times are controlled and
shortened, in such a way that a complete treatment run can be performed within one (working) day.
This batch will be used as a setting example for next planned three batches. In these batches the
focus will be on the post-treatment in the complete treatment run. The used cladding boards are
place vertically in order to minimise the horizontal orientated surfaces of wood in the reactor as
much as possible.

Batch 3 (15-09-04)

Pre-heating UZA x As high as possible

Heating reaction vessel with steam x 160 ° C, directly filling the reactor
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with oil

Filing reactor  vessel wood x  Dummy wood, 50% Spruce, 50 %
Scots pine, cladding boards placed
vertically

Pre-vacuum N/A

Impregnation N/A

Change oil RSO N/A

Heating reactor vessel x To 120 °C, 

Dewatering (above 120 °C) x  Approx. From 120 to 140 °C

Heating to reaction temperature x 200 °C (temp. Measured in the wood)

Maintaining reaction temperature x  180 minutes

Post-vacuum x  

Cooling down x  Long untill room temperature

Post treatment N2 gas N/A

Post treatment – Steam N/A

Post treatment  - change oil type N/A

This identical batch as batch 2, the only difference is now a mix of Spruce and Scots pine is used,
including sapwood and heartwood in the boards. The other difference is that oil and wood directly
preheated by steam. The wood now is been place in a slope in order for the treatment oil to slide of
the wood more easy after draining of the oil from the reactor vessel.

Batch 4 

Pre-heating UZA x  80 °C

Heating reaction vessel with steam x  80 °C

Filing reactor  vessel wood x  Dummy wood, 50% Spruce, 50 % Scots
pine, cladding boards placed vertically

Pre-vacuum x  30 / 60 minutes

Impregnation x  120 Minutes , 10 Barg

Change oil RSO x

Heating reactor vessel x To 120 °C, 



43

Dewatering (above 120 °C) x  Approx. From 120 to 140 °C

Heating to reaction temperature x 200 °C (temp. Measured in the wood)

Maintaining reaction temperature x  60 minutes

Post-vacuum x  Long 

Cooling down x  < 150 °C

Post treatment N2 gas N/A

Post treatment – Steam N/A

Post treatment  - change oil type N/A

In order to test two oil types rapeseed oil (RSO) has been used as thermal treatment oil in the heating
phase. After impregnation with UZA at 80 °C and 10 Barg N2 , the UZA oil is been re-pumped in
the storage vessel and hot (200 °C) RSO is being pumped into the reactor vessel. The aim for using
RSO instead of only UZA is to get e cleaner surface of the wood. Also the possibilities of using
catalysts in the UZA can be applied when using RSO, a non oxidising oil as the heating oil. 
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Batch 5)

The time RSO is being added can be variable. The RSO is merely used as a hot rinsing fluid in order
to produce wood with a cleaner surface

Pre-heating UZA x  As high as possible

Heating reaction vessel with steam x  160 °C

Filing reactor  vessel wood x  Dummy wood, 50% Spruce, 50 % Scots
pine, cladding boards placed vertically

Pre-vacuum N/A

Impregnation N/A

Change oil RSO N/A

Heating reactor vessel X To 120 °C, 

Dewatering (above 120 °C) X  Approx. From 120 to 140 °C

Heating to reaction temperature X 200 °C (temp. Measured in the wood)

Maintaining reaction temperature X  180 minutes

Post-vacuum N/A  

Cooling down x  < 150 °C

Post treatment N2 gas N/A

Post treatment – Steam N/A

Post treatment  - change oil type x  Rinsing with hot RSO

Test samples of wood for demonstration products

The process which will be applied will be dependant on the used wood species and the end-
application of the aimed product. 

Hard to impregnate wood as Spruce will be treated in UZA oil only, with a post treatment of linseed
oil.  Easy to impregnate wood species, as Beech the treatment will be dependent on the retention of
impregnated oil (UZA) required for the different applications. In some applications only a surface
treatment will do. In other more severe applications a through- and-through treatment is required. A
number of batches will be needed to estimate the steering of the retention of the wood by changing
the process parameters. Based on the results with the dummy wood used the parameters are
documented. Using these parameters for several wood species and applications a standard treatment
can be documented.
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The partners have suggested several wood species and end applications.

• Spruce (Foreco)

• Birch (Foreco)

• Fir (Foreco)

• Spruce / cladding boards (Dingeman de Jong)

• Spruce / gates (Charlton)

• Oak / parquet (Charlton)

• Beech / parquet (Charlton)

• Hemlock (East)

• Scots pine (East

• Douglas Fir (East)

• Spruce (East)

• Corsican pine (UK partners)

• Scots pine / window frames (Barnsdale)

• Spruce / window frames (Barnsdale).
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Results 

In the first test runs the heating up of the oil and the development of temperature before, in and out
of the heat exchanger has been tested. In the figure below a typical temperature-time plot of one of
those batches is shown.

As can be seen in the figure the temperature development in the heat exchanger is very well
controlled. The temperature of the oil in within less than 5 °C the temperature inside the heat
exchanger and temperature of the oil out. In the heating up phase, as expected the difference
between the temperature is bigger. In the steady state the temperature inside the heat exchanger and
the temperature of the oil out are nearly the same. This implies that in order to heat-up the to the
aimed temperature no large overshoot in temperature is required and therefor the heating oil is not
under a great risk of thermal damage.

A typical of a production batch with wood (Spruce and Scots pine) in a one step treatment with UZA
is shown in the figure below. In this batch 7 heat sensors are used to monitor the temperature
development inside the wood during the treatment. Also sensors are monitoring the temperature of
the oil in the reactor vessel and in different phases (before, in and after) the heat exchanger. 

Testing of heating up RSO using heat exchanger
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Figure: One step treatment batch with UZA at 200 °C

As can be seen in the figure in this batch a very long cooling down time has been chosen in
order to carefully let the wood condition to the lower temperature and in order to prevent
possible cracking of the wood due a too rapid temperature change. In this batch it was
examined to investigate the possibility to
speed up the heating-up time. As can be
seen in the graph the temperature of the oil
in the heat exchanger exceeds largely 200
°C. More batches have revealed that this
not absolutely necessary in order to
dewater the wood and to heat-up  the
system in an acceptable time. Therefor it
has been documented that in standard batch
performing that the temperature of the
heating oil in the heat exchanger should not
exceed 215 °C, in order to extend the life
time of the heating oil and prevent thermal
damaging.

Figure: Spruce and Scots pine before treatment; the heat sensors in the wood samples

Treatment batch 15-09-2004  - Spruce - Scots pine-  UZA 200 °C
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In the figure below the transformation of the wood can be seen. The change of the colour of the
wood can be seen clearly in the figure. After each run the surface of the wood is inspected. The
weights before and after treatment are documented.

Figure: Wood before and after treatment.
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ECOTAN Project: Continuation of production runs at the pilot plant of Foreco 

Results of the meeting  9 December  at Foreco:  BJH + BT

PRODUCTS 

 For the new series of production runs it is important to know, which wood species,
which dimensions, what kind profiles and exact amounts of wood need to be treated 

 SHR discussed with all the industrial partners; which target application was aimed for in
this project. Also which production run detail needed to be filled in? Points to be filled
in where:

 product

 wood species

 Demonstration product and what amounts/numbers

 Amount and dimensions of wood need to be treated for these demonstration
products.

 Test and evaluation route to be performed in order to evaluate the technical and
economical feasibility of the treatment and use of this treated material.

 Foreco has checked this for itself.

Process (treatment with RSO)

 State of the art: Installation is after the problems with the polymerisation of the UZA
almost completely cleaned. From the different positions in the installation polymerised
UZA has been removed. Stock vessels are now rinsed with a hot sodium hydroxide
solution to remove last residues of UZA. 

 First trials will be performed in only RSO. From now on the heating phase of the
treatment (at 200 °C) only will be performed in RSO. 

 Rapeseed oil (RSO) is a non drying vegetable oil (no double bindings in the molecule),
therefor there is no risk of polymerisation at high temperature and in the presence of
oxygen.

 Foreco orders RSO and technical specification of the RSO (see appendix D) at the oil
supplier “de verenigde oliefabrikanten”.

 As soon as the oil arrives at Foreco the installation will be filled with RSO and firstly
some test trials with pure RSO will be performed. Especially to determine the heating-
up times and circulation characteristics of the system with RSO.
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 Testing of pre-heating of RSO in stock vessels. The circulation is believed to be much
better in stock vessels since RSO has a much lower viscosity compared to RZA.
Therefor it is more appropriate to be electrically heated in the stock vessels.

 In case of a to slow heating-up extra electrical power will be added to the installation to
speed up the heating capacity.

 Test runs are performed to test the heating-up speed of rapeseed oil with: dummy wood.
After this test runs are performed to measure temperature development inside the wood,
quality of the wood, stickiness of the wood, change of colour, smell, deformation of the
wood as a result of the treatment, and cracks. 

 Test runs with thicker dimension of the wood samples

 Treatment runs for producing large scale testing material for industrial partners.

Process (treatment with UZA)

 Treatment with UZA (together with RSO in the heating phase) is being performed firstly
in a “two-step” treatment. 

1. Impregnation of UZA at moderate temperature (80 °C to 150 °C) 

2. Heat treatment (200 °C) in RSO.

 The circulation route of UZA in the installation is being adapted and shortened as much
as possible, in order to reduce the risk of polymerisation of the UZA and to reduce the
loss of UZA through mixing of UZA and RSO.

 Possibility of additives to the UZA in order to improve the performance of the UZA as a
reactive oil in wood. Addition of special drying agents in order to speed up the drying
rate of the UZA after treatment and to prevent stickiness of the treated wood. Tested
drying agents are metal-oxides and peroxides (see also results of SHR report WP4 T2
process optimisation - Small scale experiments “two steps” Ecotan treatment and
additives for the treatment oil (UZA)).

 Additions of peroxides to the UZA in order to improve the performance of the UZA in
the treated wood after treatment. These are special peroxides which only become active
at high temperature (above 150 °C) and initiate polymerisation of the UZA (only once
inside the wood). This will improve the surface properties of the treated wood, reduce
the stickiness of the surface, prevent the bleeding of oil out of the wood and reduce the
rate of weathering in real life practise out door. 
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Results 

After discussion with the industrial partners the following matrix of production of treated
wood and demonstration products has been made.

Table: Matrix of target demonstration products per industrial partner 

Industrial partner Target product
Wood 

species

Treatment
dimensions

(thickness X width) Treatment level
important
aspects

Foreco Garden furniture Birch, Silver fir 50 x 150 surface-middle deep
(pre)profiling, 

surface 

DDJ Cladding Spruce 25 x 150 surface
surface cleaness,

colour
Frames - woodden sheds 50 x 150 surface strength, 

Charltons Gates
Spruce (norway -

sitka), Oak 50 x … surface-middle deep durability,
Gate posts 100 x though-and-through

Garden furniture 50 x 150 surface-middle deep durability

Barnsdale window frames Scots pine?, Poplar 70 x surface-middle deep
cladding ?? 25 x 150 surface

Easts Fencing Sitka spruceDouglas surface-middle deep

Foreco, DDJ, 
Charltons, 

Barnsdale, Easts

Joinery, cladding, garden 
furniture, sheds, fencing, 

gates, (gate) posts,
woodden frames

Spruce, Birch, 
Silver fir, Corsican 
pine, Douglas fir
Poplar, Beech,

Scots pine

thickness X width
thickness: 25 .. 100 mm

width 60 .. 200 mm

surface,
through and through

low temperature

pre-profiling,
colour,

strength,
surface cleanliness,
durability (ground)
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Task 3: Preparation of test material (Large scale).

Protocol for performing production batches on the pilot plant – Ecotan runs

In this document all the necessary steps and attention points are mentioned concerning the
performing of treatment batches on the pilot plant at Foreco. This form /guideline contains 3
parts:

1: Preparations: can be done a day before the actual run

2: Performing: is being performed each trial following the developed/written test
protocol per trial. This is as well for the test trial as for the production trials.

3: Wood data: per trial / run all characteristics (weight before, moisture content ,
retention etc.) need to be filled in the form. The data sheets of the process conditions
(Temperature, in time, pressure etc.) are recorded automatically and will be saved in
separate document. 

Preparations
The preparations are performed preferably the day before the execution of the trial. This is
especially important for the trials, which take al long time, the trials at high temperature and
with different step were oil has to be changed. In order to be able to perform these trials on
one day. Preparation (for instance preheating of the oil) the day before are necessary.

Wood:
As far as possible all the wood data before treatment can be determined (measured) the day
before. In case of measuring the moisture content and the weight of the wood per board, the
wood needs to be protected against drying are extreme changing of the moisture content.
This is done by placing the wood in the closed reactor vessels (or covering it with plastic).
Putting on the codes on all the wood samples. Codes can disappear during the treatment, so
special impact codes on the end grain are applied. An extra check for this is filling in the
form with the orientation of all the wood samples on the carrier in the reactor vessel (see
below). This information later n also can be used to evaluate possible deviation in properties
of the treated wood as a result of the position in the reactor vessel.

All the characteristics to measure are put in the “wood data form” (see appendix 1 of the
protocol)

Reference wood:
In each trial reference wood has been taken. This is minimal two boards with fixed
dimensions. These boards will be used to steer the process, and always contain temperature
sensors. The other sensors can be put in other selected boards, with in some case different
dimensions which influence the heating up time and temperature profile. Using this method
always a standard treatment procedure can be performed. The reference wood samples are
on a fixed position of the carrier (see map of the wood data form)
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Oil:
The oil level of as well UZA and RSO need to be checked before each trial, and samples are
taken to check the quality of the oil. If necessary the stock vessels need to be refilled.

Part of the oil needs to be pre-heated:

 UZA pre-heating with steam (jacked heating of the vessel) to app. 150 °C

 RSO heating by making use of the heat exchanger and circulating the RSO by
means of the pomp. Oil temperature should not exceed 210 °C in order to
prevent thermal damaging of the oil as much as possible. RSO pre-heating of the
oil in the stock vessels with the electrical heating elements inside therefor needs
to be minimised as much as possible.

Samples:
Before and after each run samples of both types of oil are taken. 50 ml of oil is enough for
the analyses of  the oil. Oil samples are coded with the project number 2100, date, type of
oil (UZA or RSO), before or after, and the batch number. Samples or kept for analyses later.

Carrier:
The carrier of the vessel is loaded only when all the wood characteristics are documented.
Also temperature sensors can be installed in the wood samples (on the carrier). The position
of all the wood samples are put on the map on the wood data form, also the position of all
the temperature sensors.

Performing

For the performing of the runs the prior documented process description need to be
followed. This is documented for each individual run. At this protocol an example is being
added for the performing of a 2-steps-treatment run (see appendix 2 of the protocol).

Independent of the process set-up there are several general attention points which need to
executed for each run:

• Before and after each run oils samples of UZA and RSO need to be taken

• During the treatment it needs to be prevented that the temperature fluctuates to much
and/or the pressure in vessel exceeds the limits

• In each run reference wood is prepared and place in the vessel to steer the process..

• Treatment time at temperature start when there is only a difference of 5 °C with the set
treatment temperature. The last heating to the set temperature normally will be
performed slow in order to prevent exceeding of the temperature to a level largely over
the set temperature. 
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• During the runs a logbook is filled in with all the details and observances and deviations
which are not recorded by the (automatic) data logger, need to be documented. Standard
a written recording of temperature and pressure at the time of each handling need to
made. 

• Standard photo’s of the wood samples before and after treatment are taken.
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Appendix 1 of the protocol: “Wood data form”

As an example the table and the map are filled in this form. 

Coding: Codes can disappear during treatment, that is why it is important to use special
impact codes (stanched ) and to document the position of the wood on the carrier.

Document location of the Temp-sensors in the table and the map

Document codes on the map

Reference wood has a fixed position on the carrier., which is indicated on the map of the

carrier.

1.1. Data Form

Date: Operator

Batch number:

Type of process:

code Wood
species

assortiment Dimensions T sensor Note Note MC Before after

(mm) Y / N Wood
quality
Before

Wood
quality
After

(kg) (kg)

1 Spruce Cladding

standaard

20 x 30 x 40 Y, ends Heart
 crack

Heart
crack

17,0% 1,24 1,07

2 Spruce Cladding

standaard

20 x 30 x 40 Y, ends - - 17,5% 1,03 0,92
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Map of the carrier:

       Back side of the vessel        Opening door 

      1e (lowest) layer, side view

top view

2e layer, side view

top view t

3e layer, side view

top view

   Back side vessel Door

Front view of the carrier, seen 

From the door.
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Description of the photo’s taken



58

Appendix 2 of the protocol: Example of the process description

2-steps Ecotan Process januari 2005

Batch ET 0XX

WOOD

See the “wood data form”.

• Spruce cladding

• Spruce cladding connection parts (40 mm x 60 mm)

• Scots pine cladding 

• Scots pine cladding connection parts (40 mm x 60 mm)

CODING AND MEASURING

See for this at the protocol preparations and the wood data form.

• Mark all samples with the impact marking blocks and the hamer

• Further determine:

Dimensions ( T x W x L in mm)

Weight

Moisture content

PROCESS

According to the standard two steps process, at which the water is boiled out of the wood in
UZA and at the end of this phase the wood is impregnated with UZA by applying pressure.
After this ther mal step in RSO follows. 

• Step 1: Firstly the water is boiled out of the wood in UZA of ±150 °C. When Thout is
arising above 140 °C it can be considered that all the water is boiled off. This step is
combined with the heating-up phase 

• Step 2: at a wood temperature of ±140 °C, 10 bar N2  is  applied and kept on for 30
minutes in order to impregnate the wood. The heating can continua during this step, but
UZA temp should not exceed 150 °C



59

• Step 3: RSO of 200 °C is pumped in the vessel after the UZA has been drained off.
Thermal step is performed 120 minutes at 200 °C. (starting time when wood temperature
reaches 195 °C)

Before and after each run samples of both types of oil are taken. 50 ml of oil is enough for
the analyses of  the oil. Oil samples are coded with the project number 2100, date, type of
oil (UZA or RSO), before or after, and the batch number. Samples or kept for analyses later.

NOTE!:

• Pre-heating of the RSO not above the aimed Tolie and most certainly not above 210 °C.
Pre-heating using the heat exchanger. 

• During the transport (pumping) of  RSO into the reactor vessels in step 3 avoid pressure
because RSO should not be impregnated into the wod, this only the heating oil, UZA
should be in the wood structure. 

Actions during a trial, sequential:

 Take samples of  RSO and UZA: prior to the run

 RSO pre-heating to 160 °C using the heat exchanger 

 UZA pre-heating to 150 °C with steam.

 Loading the carrier with samples, fix the with wire in order to prevent floating in the
reactor  (can also performed during the preparations)

 Apply pre-vacuum in order to move the UZA from the pre-heated stock to the reactor
vessel 150 °C UZA 

 Carefully let the UZA be poured on to the wood at atmospheric conditions by gravity.
Apply little pressure on the UZA vessel in order to move the UZA extra. 

 Boil water out of the wood to Thout= 140 °C, document time and temperature

 Apply 10 bar N2 pressure during 30,  at 150 °C.

 RSO pre-heating to ±200 °C, using the heat exchanger (not above210 °C l!). during the
pressure phase of UZA.

 Drainage of the UZA to the stock vessel Check if the vessel is empty before applying
post-vacuum 

 Take sample of the UZA
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 Post vacuum to remove excessive UZ , during 15 minutes

 Drain residual UZA to the stock vessel

 Release all the pressure (or vacuum) from the reactor.

 RSO 200 °C to the reactor vessel.

 Further heating g of the RSO to 200 °C 

 As soon as  Thout= ±200 °C (minus 5 °C) the 120 minutes thermal step begins.

 Draining of RSO to the stock vessel

 Post vacuum for 15 minutes.

 Take sample of the RSO .

 Cooling down of the wood in the reactor

 Opening of the reactor vessel

 Further cooling down of the wood

 Weighing the samples

 Take photos and inspection of the quality of the treated wood samples.
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Production runs on the pilot plant

Preparation of large scale test material has commenced.. Momentary the pilot plant is fully
running and producing treated wood for demonstration products and for large scale testing. 

In a typical production batch the carrier of the reactor is loaded completely full in order to
have the optimal reactor load (see figure below).

Figure: Production batch after treatment, several
wood species (Spruce, Beech , Pine, Hemlock,
Douglas Fir)

All the data are documented for each run. An example of one of the data sheets can be seen
in the table below. More data, figures and treatment conditions can be found in the appendix
of this report.
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Table: Data sheet of a production run with several wood species

Ecotan 2100

Batch: nr Oil 1 Oil 2
1 RSO  

 Datum : 5-3-2005

Code Wood species
Dimensions
(thickness)

Weight
before MC (%) Dry weight

Weight
after WPG (%)

1.1 Hemlock 50 6,84 18,6 5,77 6,14 6,5%
1.2 25 3,43 18,5 2,89 3,18 9,9%
1.3 Pine 50 8,65 30,4 6,63 11,51 73,5%
1.4 25 3,78 21,9 3,10 4,4 41,9%
1.5 Douglas 50 7,88 24,8 6,31 6,72 6,4%
1.6 25 3,37 12,1 3,01 3,33 10,8%
1.7 Spruce 50 6,84 19,6 5,72 5,79 1,2%
1.8 25 3,2 17,5 2,72 2,9 6,5%
1.9 Spruce Fence 2,82 15,3 2,45 2,47 1,0%
1.10 Fence 4,38 15,3 3,80 3,8 0,0%
1.11 Fence 2,06 15,3 1,79 1,81 1,3%
1.12 Fence 0,78 15,3 0,68 0,68 0,5%
1.13 Fence 0,67 15,3 0,58 0,58 -0,2%
1.14 Fence 0,62 15,3 0,54 0,54 0,4%
1.15 Fence 0,6 15,3 0,52 0,52 -0,1%
1.16 Fence 0,65 15,3 0,56 0,56 -0,7%
1.17 Beech Flooring parts 1,38 11,3 1,24 1,18 -4,8%
1.18 Flooring parts 1,1 11,3 0,99 0,93 -5,9%
1.19 Flooring parts 1,01 11,3 0,91 0,88 -3,0%
1.20 Flooring parts 1,21 11,3 1,09 1,03 -5,3%
1.21 Flooring parts 1,04 11,3 0,93 0,92 -1,5%
1.22 Flooring parts 1,07 11,3 0,96 0,92 -4,3%
1.23 Flooring parts 0,85 11,3 0,76 0,77 0,8%
1.24 Flooring parts 1,11 11,3 1,00 0,94 -5,7%
1.25 Flooring parts 1,13 10,8 1,02 0,99 -2,9%
1.26 Flooring parts 0,82 11,7 0,73 0,69 -6,0%
1.27 Flooring parts 0,73 11,3 0,66 0,62 -5,5%
1.28 Flooring parts 0,85 11,3 0,76 0,73 -4,4%
1.29 Flooring parts 0,88 11,3 0,79 0,81 2,4%
1.30 Flooring parts 0,72 11,3 0,65 0,61 -5,7%
1.31 Flooring parts 0,74 11,3 0,66 0,63 -5,2%
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Work Package 5: Evaluation of properties, in service testing and demonstration (large
scale)

Task 1: Large scale/service testing

The main activities of Foreco in this task are the production of large scale wood samples to
be tested by the RTD performers and by the other industrial partners in the project. Each of
the industrial partners will select there aim application and will select to potential wood
species for this. as a result of extensive evaluation also the treatment level for the specific
application target has to be defined. 

The test trials with the pilot installation are finished successfully production for the large-
scale sample treatment has began. In discussions with the partner a concept list of wood
species and sample dimensions is already been made.  This concept list contains the
following wood specie:

 Norway spruce (Picea abies)
 Birch (Betula pendula)
 Fir (Abies grandis, Abies alba)
 Beech (Fagus silvatica)
 Douglas Fir (Pseudotsuga menziesii)
 Sitka spruce (Picea sitchensis)
 Scots pine (Pinus sylvestris)
 Oak (Quercus robur)
 Hemlock (Tsuga heterophylla)

Work Package 6: Benchmarking, best practice guidance and dissemination

Task 1: benchmarking

No involvement in this task

Task 2: Best practice guidance

No involvement in this task

Task 3: Dissemination and customer perception

Work package 7: Project administration

Task 1: Co-ordination and communication

A project meeting has been organised on 27-28 April 2004 (report of this meting can be
found elsewhere in this report). Progress and further plan have discussed intensively in this
meeting. In between frequent contact with all partners was set-up about the progress of the
project. Most of the co-ordination and communication activities with the project partners
have been done jointly with SHR. With regard to optimising the pilot plant process and
testing of the pilot plant installation very frequent contact and meetings have been set-up
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with SHR. Feedback of the first results of test trials and adaptations of the treatment method
have been given to the project partners.

It has been agreed that a 6 months up-date of the input of man-hours together with summary
of the progress is been delivered to the co-ordinator. A check-up of the progress compared
with the original plan in technical annex has been performed periodically. With respect to
the progress it can be stated that due to the delay of the construction and finishing of the
pilot plant, a certain delay of other activities in the project are caused. Especially the large-
scale service testing (WP5) are delayed. A request to the EU commission has been put
forward for an extension of the project time for certain tasks. This extension of the project
has been granted by the EU Commission.

Task 2: Communication and reporting

Organising the progress meeting on 27/28 of April 2004. The report on this meeting can be
found else where in this progress report. This meeting was jointly organised with DDJ and
SHR. During the second day a tour at the site of DDJ was held for all partners. 
Reporting of the progress and results in this report.

Task 3: Financial matters

All financial matters concerning this project are handled. 

Task 4: Quality assurance

Ongoing
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3.2 A2 - Dingeman De Jong B.V. 

Scientific team:    
Mr. De Jong the director will lead their work. He will be involved in the planning and
implementation of the project. Technical asstance will be given by Mr. J Schep.

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives: 
Dingeman De Jong B.V. (SME proposer) is a relatively small company that has been active in
prefab wood constructions since 1986. The main activities of DDJ lay in garden sheds, garden gates
and fences and façade elements. The majority of products of DDJ will be applied in hazard class
(HC) III or HC IV conditions. For these applications wood protection is essential. Since the metal-
based wood preservatives can no longer be used in the Netherlands DDJ is searching for alternative
ways of wood protection for their products. Another important feature of the DDJ products is
aesthetics. The ECOTAN project is expected to score on this item. The main objective is to generate
knowledge and experience with modified wood in the aimed applications. Bring in the
understanding of existing production and product handling and demanded quality in project.

Workplan: 
Since DDJ is only a small company, they are always looking for partnership in new developments.
DDJ’s role in the project will mainly consist of testing the materials produced in prototypes related
to the products they make. DDJ expects to benefit from the results of the project mainly because
they will be the first in the Netherlands to use (not produce) the new material and thus will be ahead
of any competitor. They will purchase the new treated timber from Foreco and will use this to
produce the above mentioned products for the Dutch market. The main role of DDJ in the project is
production and evaluation of the test results of the large-scale products. DDJ will deliver industrial
evaluation with regard to properties and performance of small and large-scale products.

Deliverables: 
Dingeman de Jong B.V. will be contributor to D4,D5, D9,D11,D12 and D13.
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3.2.1 Research activities of A2 – Dingeman de Jong B.V.., during the second
year reporting period

Work Package 1: Timber selection and screening

Task 1: Timber preparation and sorting

No direct activity in this task .

Task 2: Screening

No work in this area.

Task 3: Effect of moisture content

No work in this area.

Work Package 2: Lab scale optimisation and preparation of test material

Task 5. Economic feasibility

Finished and reported in the first reporting period

Work package 3: Evaluation of properties and performance (Small scale)

Task 1: Determination of properties

The interest of DDJ is mainly the use of treated wood for facade and for wooden sheds. The
preference of DDJ is on wood, which has been treated lightly. Durability is important, but to
a certain extent. Also colour of the product of the product and the possibility to finish the
product with a transparent coating or oil is important. On a regular basis there have visits
and discussion with SHR about the material so far treated and possible products to be made
from this treated material. SHR has performed colour (LAB) measurements on treated
spruce. Evaluation of the results by DDJ made clear that there was a preference for
treatment at low temperature; more specific treating at 180 °C. Further lab scale
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optimisation and testing of the treated mater should deliver a matrix of treatment conditions
and product properties. From this matrix it could be read where the optimum lies with
respect to light colour (low temperature) and improvement of other important properties
such as durability and dimensional stability.

Task 2: Industrial evaluation

Finished and reported in the first report period

Work package 4: Pilot scale optimisation

Task 1. Construction of the pilot plant

DDJ has no involvement in this task.

Task 2. Process optimisation

DDJ has no involvement in this task.

Task 3. Preparation of test material (large)

Results 

After discussion with the industrial partners the following matrix of production of treated
wood and demonstration products has been made. The results of this discussion and the
matrix of wood species and target applications is shown in the table below. Because of the
production of wooden sheds and its activities in building houses DDJ has expressed its
special interest in cladding as a target product in this project.
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Table: Matrix of target demonstration products per industrial partner 

For tasks in WP 5 in co-operation with Foreco and SHR spruce cladding has been prepared.
These treated cladding boards will e evaluated by DDJ. In the figure below a photo of the
production run for cladding of treated spruce is shown. 

Figure: Production run of cladding for large scale service testing

Industrial partner Target product
Wood 

species

Treatment
dimensions

(thickness X width) Treatment level
important
aspects

Foreco Garden furniture Birch, Silver fir 50 x 150 surface-middle deep
(pre)profiling, 

surface 

DDJ Cladding Spruce 25 x 150 surface
surface cleaness,

colour
Frames - woodden sheds 50 x 150 surface strength, 

Charltons Gates
Spruce (norway -

sitka), Oak 50 x … surface-middle deep durability,
Gate posts 100 x though-and-through

Garden furniture 50 x 150 surface-middle deep durability

Barnsdale window frames Scots pine?, Poplar 70 x surface-middle deep
cladding ?? 25 x 150 surface

Easts Fencing Sitka spruceDouglas surface-middle deep

Foreco, DDJ, 
Charltons, 

Barnsdale, Easts

Joinery, cladding, garden 
furniture, sheds, fencing, 

gates, (gate) posts,
woodden frames

Spruce, Birch, 
Silver fir, Corsican 
pine, Douglas fir
Poplar, Beech,

Scots pine

thickness X width
thickness: 25 .. 100 mm

width 60 .. 200 mm

surface,
through and through

low temperature

pre-profiling,
colour,

strength,
surface cleanliness,
durability (ground)
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Figure: produced boards for cladding for large scale service testing

The produced boards will be used to produce demonstration claddings and will placed in out
door conditions. The performance in outdoor weathering will be monitored. During the
manufacturing of claddings also several aspects of the material are evaluated, being

• Machine-ability

• Nailing and screw-holding-capacity

• Constructive aspects

• Deformation of dimensions of pre-profiled boards

• Connection of the boards – fitting of the profile

• Rain and water resistant

Co-ordination of the wood for treatment at the pilot plant and large scale testing 

DDJ has co-ordinated the wood deliveries for the large scale treatments (in the pilot plant)
and large scale testing (by all the individual industrial partners)

Two UK-partners (Charlton and East) have selected several wood species, dimensions of
the wood and target applications. The wood has been prepared by the industrial partners and
shipped to the Netherlands for treatment in the pilot plant. The selection of wood of the two
companies is listed in two tables below.
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Table: Selection of wood by Charlton

Figure: Photo’s of part of the wood delivery by Charlton; this contains gates and flooring
(parquet) boards.

Table: Selection of wood by East

Delivery by Charloton of wood for pilot plant treatment - demonstration products

Application Wood species Amount thickness width length
pieces mm mm mm

Flooring parts Oak 140 22 90 1100

Beech 195 20 70 1000

Gates (10 X )
2e delivery Spruce

Beam 2 70 70 1220
top-beam 1 70 100 880

70 70 880
boards 4 22 70 870
schoor 1 20 70 1230

Gates (10 X ) Spruce 6 70 70 1220
1e delivery 6 70 110 1220

4 45 95 1070
4 45 95 850

conical 6 70 100 880
70 70 880

2 28 95 860
special shape 3 19 120 67

schoor 10 20 73 1230
 24 22 70 870

20 15 93 540
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Figure: Photo’s of part of the wood delivery by East; this contains boards of variable
dimensions (thickness from 25 to 150 mm) of Douglas, Hemlock, Spruce and Scots pine..

Task 4. Economic feasibility

Delivery by East of wood for pilot plant treatment - demonstration products

Wood species Amount thickness width length
pieces mm mm mm

Pine 8 25 150 2000
4 50 150 2000
4 75 150 2000
4 100 150 2000
4 150 150 2000

Hemlock 8 25 150 2000
4 50 150 2000
4 75 150 2000
4 100 150 2000
4 150 150 2000

Spruce 8 25 150 2000
4 50 150 2000
4 75 150 2000
4 100 150 2000
4 150 150 2000

Douglas fir 8 25 150 2000
4 50 150 2000
4 75 150 2000
4 100 150 2000
4 150 150 2000
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Commercial prospect of the project

In the report of the process optimisation and scaling-up to industrial scale has given many
aspects where the future attention and focus for the proceeding development is headed. The
scaling-up has revealed many points for which at the moment solutions have to be found.
The test with the material produced on semi and on pilot plant scale has shown that the
material has promising abilities to be applied in building applications.

The resulted product produced with this material should be positioned in a market segment
where not modified wood has found his way. Especially the window frames market is such
a market segment where the prospect could be high. This approach demands a way to
product development and marketing where the industrial partner already have made a start
with. 

The demand for “engineered wood” in the building sector is most certainly present, but than
a high degree of completeness should be satisfied. Application of (European) softwood
without failure risks is an urging question from the market. With in this project developed
thermal treated wood an end product can be produced which might satisfy this demand. This
implementation of technology on product development should be the next step of this
development. Contacts with the wood working industrial have already been activated for
this purpose.

The implementation of the present developed process knowledge and problem areas still
need a substantial input on top of the research which has been done so far. Especially the
specifications of the (vegetable) oils to be used will still require some research, of which, by
the way, the signals are quiet promising.  

The performed test trials have given a more precise idea on the form of the process
technology, which will be needed for the real process on real industrial scale.

For a reliable estimation of the investment costs for a full industrial scale treatment facility,
it is yet too soon. There are too many questions still present with respect to, steps of the
process, and required treatment conditions. Answers on these questions have a great impact
on the required installation technique.

The time until market introduction is therefor also dependent on the above-described route.
Besides that, the course needed to explore the commercialisation of the aimed end products
cannot yet be overseen completely. The treated wood will need to find its own way in this,
in which it only for a small part will replace the existing wood products, but merely should
serve application where until wood has not yet been used. Or it could replace some tropical
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hardwood species. A route of 3 to 5 year to actual introduction on the market has been
found realistic

Wood with improved properties by treatment with reactive vegetable oil  

Potential market size and volumes of required materials

Described below is the result of an survey of an estimation of the potential markets for
wood treated (modified) with reactive vegetable oil (UZA)

Window frames

 European sale  - estimated on 95 milj. Units per year

 European wood requirement/demand equivalent: 4.200.000 m3 per year based on 0,45
m3  wood per window frame

Doors

 West European sales – estimated on 20 milj. Units per year. .

 West European wood requirement/demand equivalent:  1.5000.000 m3 based on  0,08 m3

wood per door (= 1 unit)

For comparison

 The Dutch required wood demand for doors and window frames is 400.000 m3

Cladding

Estimation of the European demand for wood equivalent for cladding is 700.000 m3  per
year

Veneer

N/A
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Board materials

N/A

Exterior use of wood (civil engineering and garden wood)

◊ Preserved wood sales in the Netherlands is 900.000 m3 per year

◊ Production of preserved wood (mainly CC-treated wood) is 400.000 m3 per year

Scenario’s

Different scenario’s for introduction of Ecotan treated wood are based on concurring: 1 %,
5 % or 10 % of the market. This rough estimation shows already that the prospect for
economical feasibility are promising with respect to the potential size of the market. Being
able to feed a few percentage of the market is quiet substantial in absolute volumes. This
potential the mayor base for the involved industrial partner in this project to invest in these
novel treatment techniques of wood.

Possible strategies and market considerations

The purpose of this part of the report is to offer a guideline and tool for strategic decisions
in modifying wood species. In this introduction of new treated wood to the market and
wood modification is enlarged to a more abstract and schematic level. In the figure below a
schematic overview of the considerations concerning introducing of UZA treated wood
upon the market is given.
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The figure illustrates that various aspects need to be considered in a detailed (market) plan,
and various choices have to be made. In this part of the report a start has been made by
describing the wood properties and their possibilities and limitations. The information given
on the wood modification method is valid for the wood species investigated by the
modification method using hot reactive vegetable oil. The suitability of another wood
species, and the resulting wood properties needs still to be investigated. However, this
gives an indication which wood properties can be altered by the treatment method, and need
to be used as a framework for strategic decisions. 

The illustrated figure also uncovers the “white” spots or lacking data of the complete route
from raw material to product. Especially on the left side of the frame information on the
economic part (price, availability) is still missing for the larger part.

The following step is to gather more information of this aspect, and to write a detailed
(market) plan. This (market) plan needs to comply with the company philosophy, strategy
and believes, as well as with existing equipment, process flows, etc. as far as possible. In
this aspect various strategic considerations need to be carefully.

The potential of upgrading wood species by wood modification is large. Not only the aspect
of durability can be improved, but also wood properties like dimensional stability, hardness
and UV-resistance, can be improved by the modification techniques.

The challenge of upgrading European wood species by means of wood modification lays in
combining two  “environmentally friendly ways” and utilisation, in such a way that it is
technical and economical feasible. Legislation of timber treatments for durability is always
an important and critical step. 

Although still “white spots” need to be filled in, UZA treatment of not durable European
wood species opens promising new properties for a broad use of wood. On the one hand
additional information on especially economic aspects of these wood species needs to be
gathered, before making detailed market plans. On the other hand many aspects of the

Technical and economically feasibility of wood treated with reactive vegetable oil (UZA) 

Surrounding (economic, politic, social aspects, etc.)

Technically feasibility                                                                             

European wod species
             * technical properties wood 
species

  

Modification method
                           * improved properties

  

technical properties potential 
European wood species

technical properties UZA-treated 
wood species

treatability suitability for 
the 

Economically feasibility

* cost of UZA treatment * availability
* price

* market size (m3)
* price

Application

Potential European species UZA treated wood 
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technical achievements of the examined wood modification methods are known. This
information together with some new research efforts can be used, for developing wood with
higher added value. 



77

Work Package 5: Evaluation of properties, in service testing and demonstration (large
scale)

Task 1: Testing

DDJ will carry out work in this area on material which has been treated in large reaction
vessel in year 2. So far DDJ has evaluated small scale samples treated at the 25 litre
installation of SHR samples Based on this evaluations DDJ has made a momentary list of
criteria for the optimal treatment process with respect to the aimed products of DDJ:

Optimal criteria for the treated materials are:

 light coloured treated wood

* Wood treated at relative low temperature

 wood with low retention of treatment oil

* Using wood species which are difficult to impregnate

* Applying no or low pressure during treatment

 wood species which are known to DDJ with respect to technical abilities

* Preferable European softwood species, spruce, middle European fir.

• wood with relative small (thickness) dimensions

* Preferable thickness of the boards approximately < 2,5 cm.

* Due to low thickness, small treatment times can be applied

Work Package 6: Benchmarking, best practice guidance and dissemination

Task 1: benchmarking

No involvement

Task 2: Best practice guidance

Will provide input to work of other partners.

Task 3: Dissemination and customer perception
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Ongoing see reporting at WP3, task 2.

Work package 7: Project administration

Task1: Co-ordination and communication

The structure of the project is well balanced and has been effectively organised to date.
There is also a good level of communication between partners.

Task 2: Communication and reporting

Communication and results of meetings are reported at “project management and co-
ordination” in the minutes of the meetings held. Reporting done on yearly bases. Besides the
official meetings held within the project, numerous meeting and contacts have been done
with the co-ordinator of this project, Foreco and with SHR. Feedback has been given
concerning steering of optimising the treatment method and demands of DDJ concerning
optimised treated material. 

Task 3: Financial matters

Carried out on a yearly basis (corresponding to reporting deadlines)

Task 4: Quality assurance

As and when required.



79

3.3 A3 -  A. J. Charltons & Sons Ltd. 

Scientific team
Their work will be led by Mr. Peter Charlton the managing director. The Production Director Mr.
Adrian Charlton will assist him in this work. 

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives:
J. Charltons & Sons Ltd (SME proposer) are a medium sized SME. Despite being an SME Charltons
is the UK’s largest producer of gates. They have a thorough knowledge of the UK market for these
products as well as other high value added wood products including joinery and flooring. They have
their own sawmill, which they use to process the timber for their products as well as supply timber to
the mining sector.

For gate manufacture they currently use hardwoods such as Iroko and they have ongoing difficulties
in souring durable timber to meet the high standards they require. They are currently looking at
alternative sources of timber. They believe that the appearance, performance and sustainability of the
products to be developed following this project will provide them with a high quality raw material
and a market advantage. As for DDJ the appearance of the new treated timber was very desirable as
well as its environmental profile. An added bonus for Charltons will come if the new timber
removed the need to use galvanised or stainless steel hardware. During initial commercialisation
Charltons will purchase treated timber from Foreco and will use this primarily to produce gates but
also possible flooring and/or joinery. In the longer term they may wish set-up a treatment plant in the
UK in collaboration with Easts.

Workplan:
Charltons will contribute to economic feasibility by evaluating and giving feed back on the lab scale
and pilot scale optimisation. For the evaluation of properties, in service testing and demonstration
will be supplied to Charlton who will use this material to produce real products: gates, window
frames and flooring. These will be used both as test pieces and as demonstration pieces to help with
dissemination. This will give the companies and their employees hands on experience of the new
material for production. e.g. For window the performance of coatings will vary for different
components of the window frame. Similar effects will occur for gates and cladding. This will enable
the use of the material to be evaluated for real production. Charltons also brings an added bonus to
the consortium in the role of dissemination and customer perception through the use of their own
shop and showroom.

Deliverables:
Charltons is responsible for deliverable D11 and will be contributor to D4,D5, D9,D12 and D13.
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3.3.1 Research activities of A3 - A. J. Charltons & Sons Ltd., during the
second reporting period

Work Package 1: Timber selection and screening

Task 1: Timber preparation and sorting

Charltons has maintained regular contact with BRE regarding the supply and quality of
timber for use within this project. Delivery of timber was put off until successful trials had
been carried out at Foreco. Since these trials have now been undertaken, a selection of
timber representing typical product ranges from our stock have been shipped to The
Netherlands for treatment. Among these materials are components for gate manufacture
(one of our core business areas).

Task 2: Screening

The timber was not screened to any additional level beyond that used in our own quality
control, thus representing typical product output. This was felt to be the most realistic way
of testing the timber products, as such supplies would be typical for any future commercial
development of this process.

Task 3: Effect of moisture content

Whilst we are interested in the concept of treating large dimension timber with high
moisture content, discussions at the meetings and reports circulated suggest that there will
be difficulties in both removing the high moisture levels as well as subsequent foaming.
Thus we feel that this represents a secondary aim within the project, the emphasis must lie
in demonstrating the technology with timber that has been dried (preferably air-dried) to a
moisture content of around 15%. Once successful trials have been completed with such
timber, it may be worth considering trialling several samples with higher moisture content
(provided sufficient time and financial resources permit this).

Work Package 2: Lab scale optimisation and preparation of test material

Charltons has continued to investigate the potential of alternative heating technologies for
the operation of the treatment vessels for use within this project. In order to fully ascertain
the potential of such methods it will be necessary to evaluate the most effective treatment
method for the timber. Thus further work will be possible once the exact pilot scale process
has been established and demonstrated.
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We are not involved with other aspects of the laboratory scale optimisation work, but have
keenly reviewed results from the other partners and are very optimistic of these results.

Work package 3: Evaluation of properties and performance (Small scale)

Task 1: Determination of properties

Charltons have provided feedback to results discussed during meetings. We see this flow of
information very important in better understanding the process and properties of the treated
material. The fact that this treatment helps to improve many of the properties makes it an
ideal method for UK timber species of commercial interest to us. 

Task 2: Industrial evaluation

We are eagerly awaiting material to begin the industrial evaluations. Once material that has
been supplied to Foreco is treated and returned, we will work together with the other groups
in this project in compiling as complete an overview as possible within the remaining
framework of this project.

Work package 4: Pilot scale optimisation

No involvement in this work, though following the reports of developments.

Work Package 5: Evaluation of properties, in service testing and demonstration (large
scale)

Task 1: Testing

We have been informed that the large scale testing is due to begin soon and thus we
anticipate there will be considerable flow of information in the coming period. 

Work Package 6: Benchmarking, best practice guidance and dissemination

Task 1: benchmarking
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Now that material has been sent to Netherlands, we expect that treated material will be
returned to us in the near future. We can then use this material (material we have supplied as
well as from other groups in the project) to demonstrate to our clients. At the same time the
products will be evaluated by the R&D groups, providing us with more information.

Task 2: Best practice guidance

Due to begin this work as soon as treatment schedules have been finalised and material
returned for evaluation.

Task 3: Dissemination and customer perception

We still see the role of Charltons as increasing the exposure of hot oil treated timber to as
wide an audience as possible. We will maintain our role in promoting the treated material
through displays at our site, as well as other project members’ sites. Any improvements
possible for in-ground contact timber will be seen as a major breakthrough for the timber
species we are interested in, though we must remain focussed on providing products fitting
the aesthetical demands of our clients. 

Work package 7: Project administration

Task 1: Co-ordination and communication

The continued management of the project by Foreco has been to our satisfaction, and we
fully support them in the continued work to getting this treatment to possible markets. We
fully appreciate the difficulties in developing a commercial method, and the extension in the
project is seen as essential for the group to reach its final goal. The fact that we have been
regularly informed of developments, especially relating to the difficulties in the scaling up
process demonstrates in our mind the openness of the project group, and we are confident
that this will continue.

Task 2: Communication and reporting

Throughout the second year we have maintained contact with the partners, especially
Bangor University and BRE. This will continue through to the end of the project. The whole
project continues to run smoothly, with reports being circulated between partners.
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Task 3: Financial matters

Completed as the project proceeds, with the year 2 finances now forwarded to the project
management team. 

Task 4: Quality assurance

This task will take on greater importance as the project reaches its conclusion and we will
carry this out as required.
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3.4 A4 - George Barnsdale and Sons Limited 

Scientific team
Their work will be led by Mr. Steven Wright the companies’ director.

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives:
George Barnsdale and Sons Ltd are a small joinery company manufacturing high quality factory
finished timber windows accredited by the British Woodworking Federation. They also produce
stairs and door sets. They are a company focused on quality rather than price. They will increase the
profile of the project by producing top quality products using the new material. They are especially
interested in improving long term durability and environmental sustainability. They currently use top
quality laminated redwood but have been looking at options to use whitewood for its improved paint
performance and natural durability. The treated timber to be produced following completion of this
project would be ideal for their production. 

Workplan:
The main role of Barnsdale in the project is production and evaluation of the test results of the large-
scale products. For the evaluation of properties, in service testing and demonstration material will be
supplied to Barnsdale who will use this material to produce real products, e.g. window frames. These
will be used both as test pieces and as demonstration pieces to help with dissemination. This will
give the companies and their employees hands on experience of the new material for production.
Barnsdale will produce data for dissemination and new timber benchmarking against target species.

Deliverables:
Barnsdale will be contributor to D5,D8, D9, D11, D12 and D13.
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3.4.1 Research activities of A4 – George Barnsdale  & Sons Ltd., during the
second year reporting period

Work Package 1: Timber selection and screening

Task 1: Timber preparation and sorting

Material request have been forwarded to other partners for the preparation of window
frames. Two different systems may be considered when preparing frames; either the use of
adhesively bound joints, or tight fitting non-bonded joints. It is our view that the latter
represents a more interesting route within this project, as non-bonded joints represent the
more traditional method of window manufacture and is currently used in higher valued
construction practices. Given the increased value of the treated timber expected from the hot
oil process, this method seems to be suited to such treated material.

Task 2: Screening

No work in this area.

Task 3: Effect of moisture content

No work in this area.

Work Package 2: Lab scale optimisation and preparation of test material

Barnsdale have continued to discuss with partners on the results achieved with the various
oil systems tried within the project to date. The development of improved teatments where
there is a reduced build up of polymerised resin on the surface offers scope for several
products. In addition, it is recognised that the presence of a uniform polymerised coating on
the wood surface would be suitable for a factory finished product.

Barnsdale will continue to monitor the developments of some of the new treatment methods
and offer advice as and when required.

Work package 3: Evaluation of properties and performance (Small scale)
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Task 1: Determination of properties

Results have continued to be forwarded on the performance of material treated. Results
obtained seem to provide good evidence for the successful use of this treatment for window
frame manufacture. Given this represents a Hazard Class 3 situation, the testing of
treatments in soil contact have not been directly relevant, only in a way to show the natural
durability of the treated wood. This has to be considered when selecting a timber for a
specific use. Discussions within the group suggest that the oil treated wood, as with most
other forms of modified timber) need to be considered as a new form of timber, not as a
conventional treatment. We feel that this is the correct route to follow, and as such a
comprehensive suite of testing is required once a commercial process has been established.

Task 2: Industrial evaluation

Barnsdale is preparing timber for treatment in the industrial evaluation section of the
project. These samples will represent window frame designs as discussed in the earlier
section.

Work package 4: Pilot scale optimisation

Barnsdale is not involved in this task, though actively following the progress of
developments.

Work Package 5: Evaluation of properties, in service testing and demonstration (large
scale)

Task 1: Testing

Once window frames have been treated and returned to the UK, some testing will be carried
out to evaluate the product. This will be done in conjunction with BRE and the British
Woodworking Federation (BWF) test site currently located at BRE’s headquarters in
Garston. Will take into consideration results from tests carried out by both BRE and SHR.

Work Package 6: Benchmarking, best practice guidance and dissemination

Task 1: benchmarking
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The supply of material for the manufacture of joinery products will allow the evaluation and
suitability of the process.

Task 2: Best practice guidance

Based on assessments carried out on joinery products, Barnsdale will provide input to this
section of work towards the end of the project.

Task 3: Dissemination and customer perception

Barnsdale have continued to promote the concept of the treatment process to other members
of BWF, as well as to our clients. There is still a reasonable level of interest in the process.
Once demonstration material has been received, there will be an increase in this activity. 

Work package 7: Project administration

Task 1: Co-ordination and communication

The level of communication has been maintained through the second year. The extension in
the project duration will allow maximum publicity for the process and increase the
possibility of a successful commercial venture. 

Task 2: Communication and reporting

Barnsdale continue to see this project as a way of opening new uses for European timbers
within the joinery (and other) markets, and as such will continue to promote the concept and
work carried out. We will contribute to any reports, outputs etc that require our assistance.

Task 3: Financial matters

Carried out on a yearly basis (corresponding to reporting deadlines)

Task 4: Quality assurance

As and when required with the treatment of demonstration material, contributing to
producing and maintaining a quality product.
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3.5 A5 - East Brothers (Timber) Ltd 

Scientific team:
Their work will be led by Mr. Andrew East the companies Director

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives:
Easts Brothers (Timber) Ltd (SME proposer) is a medium sized SME. They are a sawmill of
softwoods and hardwoods. They also produce value added wood products including, cladding,
joinery blanks, decking and railway bridges. Both Easts and Charltons have experience of RTD and
innovation through their involvement in innovative green gluing in collaboration with BRE. Easts
are the first company to have commercialised this technology in the production of green glued
finger-jointed hardwood flooring. They bring their finger jointing facilities and know how into the
project and are aiming to combine this with the new modification method.

Workplan:
Easts will give deliver feedback to BRE concerning the industrial evaluation of the process and
aimed products. The material will be supplied to Easts who will use this material. Easts will produce
full size components for testing. These will be used both as test pieces and as demonstration pieces
to help with dissemination. This will give the company and their employees hands on experience of
the new material. Experience with products and generated data will be used for dissemination to
end-users and aimed costumes.

Deliverables:
Easts will be contributor to D5,D8, D9, D11, D12 and D13.
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3.5.1 Research activities of A5 - East Brothers (Timber) Ltd., during the
second year reporting period

Work Package 1: Timber selection and screening

Task 1: Timber preparation and sorting

East Brothers has maintained discussions with BRE regarding timber requirements for this
project. Now that advances have been made with the commercial treatment process, a
consignment of material was selected from stock, based on a range of product ranges,
including fencing and cladding. Among timber species of interest to us are Corsican pine,
larch and Douglas fir. The material was then transported to Foreco for treatment and we
await its return for our activities in later tasks in this project.

Task 2: Screening

Whilst not directly involved with this, we have selected timber for shipment to Netherlands
based on our current sales stock. This was agreed upon between ourselves and BRE.

Task 3: Effect of moisture content

Material shipped to Netherlands had been dried to a moisture content between 12 and 18%,
conforming to our sales range. We would have wished to send high moisture content wood,
but project meetings and reports have suggested that this would prove too difficult to treat at
present.

Work Package 2: Lab scale optimisation and preparation of test material

Not involved in this package, but are naturally interested in the outputs from other partners.

Work package 3: Evaluation of properties and performance (Small scale)
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Task 1: Determination of properties

No direct involvement, interested in taking part in discussions on properties

Task 2: Industrial evaluation

Discussions on to how best achieve demonstration of material has continued in readiness for
the actual receiving of material back from Foreco. We feel that it is important to receive
treated from our stock as well as from other sources, as this will maximise the market
potential of the treatment.

Work package 4: Pilot scale optimisation

Material sent for treatment, awaiting its return.

Work Package 5: Evaluation of properties, in service testing and demonstration (large
scale)

Task 1: Testing

Easts has continued to be active in recommending the species of interest for our market, as
well as possible products for demonstration. Easts have reviewed current market
opportunities, which are mainly focussed around Corsican Pine and Douglas Fir, though we
have also included larch within our first batch of material sent to Foreco. The fencing sector
is still the area where we see the greatest potential for added value for ourselves.

We are still very keen to see finger jointing demonstrated within this project.

Work Package 6: Benchmarking, best practice guidance and dissemination
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Task 1: benchmarking

Benchmarking work will begin in earnest upon receiving material back from Foreco

Task 2: Best practice guidance

Assistance will be given to other groups once there has been a chance to consider the
properties of the material from the large scale treatment.

Task 3: Dissemination and customer perception

We have continued to propose the potential of hot oil treated timber to our clients, and there
is sufficient interest to allow a demonstration of products at our site (which combines with
the benchmarking section of work). We are confident that several clients will show interest
in these enhanced products.

Work package 7: Project administration

Task 1: Co-ordination and communication

Easts maintains its communication link with the other partners within the project.

Task 2: Communication and reporting

The reporting within the project remains good, with an effective meeting being held at
Foreco. It would be very useful to hold the final meeting back at Foreco so that we can see
the treatment system operational.We have maintained links with the other UK partners.

Task 3: Financial matters

Completed for year 2.

Task 4: Quality assurance

Ongoing.
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SUBCONTRACTOR - RTD PROVIDERS

3.6 B1 - SHR Hout Research

Scientific team:
The work will be jointly led by Mr Bôke Tjeerdsma and Mr. Waldemar Homan they will be assisted
by Mrs. Marina van der Zee consultant and by Mr Dick Hueting for technical support. 

• Mr. Waldemar Homan is section leader wood technology, modification, preservation and
anatomy at SHR. From the start of SHR onwards he has been working as project leader wood
technology and wood preservation. Since 1993 he is an active member of the international
research group on wood preservation (IRG/WP).

• Mr. Bôke Tjeerdsma MSc. has several years research experience with wood pulping and fibre
technology. At SHR he has been predominantly working on thermal modification of wood and
thermal conversion processes of wood.

• Mrs. Marina E. van der Zee MSc. has been working in the field of wood science for the last 12
years, and at SHR she is and has been involved in several EU  projects on modification and
preservation processes.

• Mr. Dick Hueting, BSc chemical analyst. He is a project leader at SHR and has several years of
experience in thermal modification of agro-fibers and wood for numerous applications.

Change compared to technical annex

• Bas Holleboom BSc is a chemical analyst. He has many years of experience in building and
operating of installation for treating wood for wood modification. He will build the semi-pilot
installation at SHR and support Foreco in building the pilot plant installation.

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives:
Stichting Hout Research (SHR) is a fully equipped and independent research organisation. SHR
performs fundamental and applied research on wood and wood products in new research field and
test methods, often in co-operation with other institutes and universities. SHR has strong
connections with the timber industry and related industries, with research institutes and with
universities throughout Europe and worldwide. SHR employs 38 members of staff, all of them
having several years of experience in timber research or closely related fields. The background of
SHR workers is varied and includes: wood preservation, wood coatings, wood constructions, wood
chemistry, wood physics, materials science, biology and timber technology. SHR has also built up
knowledge in sciences related to ligno-cellulosic materials other than wood. The main research
activities at SHR lie in the fields of wood preservation, paints/coatings, wood technology, wood
modification, wood-based panels, product development and testing. The main objective and research
activities of SHR in this project are the implementation of the novel modification method in the
involved industry in the near future.

In the area of Wood Technology, SHR Timber Research has been involved in the research and
development of many wood modification technologies. SHR is one of the leading institutes in the
field of modification of solid wood. Specially built modification plants ranging from 200 ml to 25 l
and 3 m3 facilitate development of different processes. Several EU and industry sponsored
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modification projects have been completed. SHR Timber Research is also currently the co-ordinator
of the European Thematic Network for Wood Modification, which comprises 28 partners from 15
different countries.

Workplan:
SHR Timber Research will coördinate the lab scale process optimisation. Results and evaluation data
concerning stability of the oil, impregnation and curing will be disseminated and used for upscaling.
Together with Foreco the pilot plant will be constructed at Foreco and will be based upon an existing
vessel. Foreco/SHR will build the installation carrying out extensive engineering and design work to
adapt the vessel for the conditions required. This is an essential stage between laboratory treatments
and full-scale commercialisation. Trials and evaluation of product properties will be performed with
respect to process optimisation on the large-scale production. 

Deliverables:
SHR Timber Research will be responsible for WP2 and deliverables D3 and D4. SHR will be
contributor to deliverables: D1,D2, D5,D6,D7,D9, D13 and D14.
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3.6.1 Research activities of B1 – SHR Hout Research., during the second year
reporting period

Specific aim of SHR Hout Research in this second year period of the project can be split
into three major points of attention:

• delivering supporting data for scaling up and optimising the process of the pilot plant at
Foreco

• optimising the process and treatment

• producing samples for analysing and testing.

The results that follow have been split into the various work packages as listed in the
technical annex

Work Package 1: Timber selection and screening

Task 1: Timber preparation and sorting

Completed and reported in the first reporting period

Task 2: Screening

Completed and reported in the first reporting period

Task 3: Effect of moisture content

Completed and reported in the first reporting period

Work Package 2: Lab scale optimisation and preparation of test material

Task 2. Impregnation

Completed and reported in the first reporting period

Task 4. Finger jointing
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No direct involvement in this task. Some finger-jointed samples have been treated in the
treatment trial described in WP1 task 1. These results were very promising showing that the
glued finger joint was unaffected after treatment in the hot oil. The results on treating
finger-jointed timber will be performed by BRE.

Task 5. economic feasibility

Completed and reported in the first reporting period
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Work package 3: Evaluation of properties and performance (Small scale)

Task 1: Determination of properties

This part of this task has been performed jointly by SHR and DSM (DSM Coating Resins,
Zwolle, the Netherlands) together. DSM is the owner of the patent and the supplier of the
modified linseed oil.

In this sub task several subject have been investigated:

 Fundamentals of modified linseed oil for wood modification

 Synthesis of the modified (maleinised) linseed oil

 Preparation of the modified (maleinised) linseed oil

 Measurents of basic properties and performaces

• hydrofobicity (contact anle)

• dimensional stability

• moisture uptake (of liquid water)

• decay resistance (miniblock test)

Fundamentals of modified linseed oil for wood modification

An excellent way of modifying the wood in such a way that hydrophobic moieties
are attached to the structural elements comprising the wood itself is the use of maleinized
fatty acids and their derivatives [6]. As the hydroxyl groups in the wood react relatively
quickly with the anhydride groups of the resin, the wood modifying agent is rapidly fixed
within the wood so that moisture absorption and thus wood rot is prevented.

Use of this preservation method ensures that the environmental protection
requirements are met during wood preservation, during use and also during the waste
disposal phase. When wood, for example for a garden application, is being preserved, no
potential harmful components leach from the wood and no harmful substances are released
when, after many years, the wood is ultimately burned or dumped, which currently is still
always the case.

Synthesis of the modified (maleinised) linseed oil

Preferably the resin is an oxidatively drying resin so that good network formation
takes place and as a result a closed film is obtained. The term oxidatively drying resin is
well-known from alkyd chemistry. Proviso for a good drying ability is not taking away all
double bonds when performing the modification. When the ratio of fatty acid to maleic



97

anhydride is kept at or above 1:1 this is automatically taken care of, as is described in a
paper by Woo and Evans [7 ] which described the process of maleinization:

In a first step, maleic anhydride adds to an isolated double bond in the possession of
allylic hydrogens, thereby shifting the double bond into isomerization. This process is
known as the “ene-reaction” [ ]:

1, Linseed oil                              2, Monoadduct

R=the remainder of the linseed oil, being in effect a diglyceride

Now conjugation is at place, the system is very susceptible to a Diels Alder cyclo-
addition. “Ene”-reactions are known to take place at temperatures above 200 °C, whereas
Diels-Alder reactions proceed at much lower temperatures, at about 100 °C. So, as soon as
the first maleic anhydride is added to the fatty acid moiety, the second one proceeds very
rapidly:                              

2                                           3,  Di-adduct
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The di-adduct so obtained is not stable at the temperature of maleinization. Carbon
dioxide is split off via an unknown mechanism. The mechanism postulated by Woo and
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y likely since the spiro-carbon could not be found back in 13C NMR at approx
evertheless it should be kept in mind that this decarboxylation occurs and hence
e content can be substantially lower than calculated. 

 formation of di-adduct automatically implies that when fatty acid and maleic
re used in a one to one ratio, this will result in the formation of this di-adduct
ame amount of unmodified fatty acids. Which is very convenient since we need

ified fatty acid for adequate drying properties. In view of its low unsaturation it
e expected that 3 will exhibit proper drying performance.

n treating wood with the aid of for example a brush a protective layer is applied
 part of the wood, depending on the kind of wood that is used only a thin layer
etrated. In contrast with wood preservation by means of for example the
ssure process, virtually all free space in the wood can become filled with the
d, upon which, for instance the hydroxyl groups of the wood can react with the
f the modifying agent. The vacuum-pressure method is well-known in the wood
 industry. Reference can for example be made to the Dutch  standard: NEN
ary 1991). The requirements to be met by a wood preserver thus differs
y from those to be met by an impregnating agent applied with a brush.

t to the anhydride functional resin the wood preserving system can also contain
ities of non-aqueous solvent to facilitate penetration into the wood. The choice
eous solvent is not particularly critical as long as the non-aqueous solvent
e anhydride functional resin. It is preferred to use a non-aqueous solvent that
easily. The non-aqueous solvent preferably has a low boiling point. It is more
 use ketones with a relatively short carbon-chain. The use of an anhydride

esin as a wood modifier is illustrated in the following, non-limiting examples.
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Preparation of the modified (maleinised) linseed oil

Preparation of an anhydride functional resin based on a fatty acid

818.7 g of soy bean oil fatty acid and 286.5 g of maleic anhydride were introduced into a
glass reactor, which could be heated by an isomantle, fitted with a mechanical stirrer and a
nitrogen connection. The reaction mixture was heated to ± 210°C. After 5 hours at 210°C
the glass reactor was cooled to <100°C, the product filtered and pressed off. The anhydride
functional resin has an anhydride value of 145-150 meq/g resin. 

Preparation of an anhydride functional resin 

923.0 g of linseed oil and 104.0 g of maleic anhydride were introduced into a glass
reactor, which could be heated by an isomantle, fitted with a mechanical stirrer and a
nitrogen connection. The reaction mixture was heated to ± 210°C. After 5 hours at 210°C
the glass reactor was cooled to <100°C, the product filtered and pressed off. The anhydride
functional resin has an anhydride value of 55-60 meq/g resin. 

Experiment A: Comparison of wood treated with an anhydride functional resin  and
untreated wood.

 In the following experiment the anhydride functional resins that were prepared as
described above, were applied either as such (undiluted) or as a solution in methyl-isobutyl-
ketone. Wood samples were treated with the four products:

Ia: maleinized fatty acid as described above, undiluted,

Ib: maleinized fatty acid, 70 % in methyl-isobutyl-ketone,

IIa: maleinized linseed oil as decribed above, undiluted, and

IIb: maleinized linseed oil, 70 % in methyl-isobutyl-ketone.

Measurents of basic properties and performaces

Hydrofobicity

All wood samples showed significant improvement after being treated with the anhydride
functional materials, in comparison with untreated wood. Concerning dimensional stability
the improvement was 40 to 80%, durability (NEN-EN252) up to class 1,  bending strength
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(DIN 52 186) showed an improvement up to 20% and stiffness (DIN 52 186) up to 20%
improvement.

The hydrophobicity was tested by placing 5 drops of water on the surface of a spruce
sample, from a height of approximately 1 cm. The contact angle and spreading over the
surface were seen as indicative for the hydrophobicity. After this the drops were covered for
one hour and again the contact angle and spreading were looked upon. This procedure was
repeated three times to rule out any artefacts.

Surprisingly the contact angle and the spreading of the treated spruce indicated a higher
degree of wetting of this material by water as compared to the untreated material. Although
the reason for this phenomenon is not clear, it predicts that problems regarding recoatability
with waterbased paint systems are not to be expected. When the covers were removed after
one our, it appeared  that the water on the untreated material had gone into the wood,
whereas the size, contact angle and spreading of the water on the treated material had stayed
the same. Hydrophobicity was evident. The pictures are shown below: 

Fig 5a. Initially

Fig 5b. After 1 hour coverage
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The dimensional stability of treated vs. untreated wood.

The dimensions of pine cubes were measured in radial as well as in tangential direction,
according to fig 6:. 

Fig 6.     Dimensions of wood: radial (left) and tangential (right)

The dimensional stability was determined relative to an untreated wood sample, by
determining the volumetric Anti Shrink / Swelling Efficiency (ASE), by the following
procedure:

The dimensions of the wood samples should be between 20*20*5 and 40*40*10 mm, sawed
both in radial and tangential direction. Firstly the equilibrium moisture content of the wood
is determined. The samples are dried, followed by stepwise moisture absorption by
conditioning the samples in separate cupboards with each time an increasing moisture
content, which makes the test samples swell. Thereafter the samples are desorbed again, by
placing them in cupboards with a decreasing moisture content, which makes the test
samples shrink. The samples are weighed at certain times. When the samples have arrived at
a constant weight, that is regarded as the equilibrium weight for the particulate climate. The
dimensions of the test samples are noted before putting the samples in the next cupboard
and repeating the same steps.

De dimensional stability in both directions can be represented by the Anti Swelling
Efficency  ASE:

ASE = ( Sref - Str ) / Sref , S being defined as the shrink:
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S = (dmoist – ddry) / dmoist , dmoist being the dimension of the moisturized wood an ddry being
the dimension of the oven dried reference sample.

Both S and ASE are determined in a radial as well as in tangential direction, and preferably
in a range from dry to complete saturation. After a 3 h treatment the samples were placed in
a controlled relative humidity atmosphere for 14 h and the dimensions were determined
again.

The results of the treatment of pine with malëinized linseed oil are represented in the
following table, showing also the Equilibrium Moisture Content EMC in 

weight %:

Table 1. Results of treatment of wood with two different oils.

Batch 1 2 Ref

Temperature of treatment, °C 180 200 -

EMC at 90 % RH 16.8 15.0 22

EMC at 65 % RH 7.5 6.3 13.4

S from 90 % saturation to dry, radial 3.3 2.5 4.3

S from 90 % saturation to dry, tangential 6.0 5.5 7.7

ASE from 90 % saturation to dry, radial 24 42 -

ASE from 90 % saturation to dry, tangential 22 28 -

The increase of moisture content as a function of time is depicted in the following graph:
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Fig. 7  Moisture take-up of pine (untreated and treated @ 200 °C) as a function of relative
humidity.

Comparative experiments.

To determine whether other oils without a high degree of unsaturation or the chemical
modification by anhydrides would also show the same performance, reference experiments
were carried out with rape seed oil. In principle this oil could also impart a high degree of
hydrophobicity to the wood, simply as a result of its non-polar nature. Several comparative
experiments using rapeseed oil as a blank were performed.

Water uptake. 
The water uptake in grams of several 25x25x10 mm samples of Scottish pine was studied.
Modified oil treated, rapeseed oil treated as well as untreated samples were submerged in
water and the weight was measured after equilibrium was obtained (equilibrium being
assumed at the time the weight change was within the experimental error).

Moisture take up of pine
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Water uptake by weight
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Fig 8. Water uptake and release after different treatments of wood.

It can clearly bee seen that chemical modification of Scottish pine results in a visible weight
gain in the dry material already (wood can react with more than 
40 % of its own weight of anhydride &  unsaturation modified oil). Furthermore the
moisture adsorption resistance is evident: variation of a modest 20 % of its weight ensures a
very low uptake of water indeed. Untreated or merely physically hydrophobized wood
adsorbs moisture to an extent of twice its own weight.
 
Furthermore, reference experiments were performed comparing the moisture adsorption and
dimensional stability of Scottish pine to reference untreated samples (cf. ACE as described
previously). Again it could be shown that the effect of anhydride functional linseed oil was
far more visible than that of chemically inert rapeseed oil:
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Improvement in the performance of Scottish pine
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Fig 9. Improvement in the relative performance of Scots pine.

Clearly the relative effect of chemical modification of the oil is most pronounced in the
relative improvement with regard to water uptake, and not so much when looking at the anti
swelling efficiency ASE. The reason for this is as yet unclear, but could be related to the
fact that modification with an anhydride reduces the amount of hydrophilic OH-groups and
therefore reduces the water adsorption.

Clearly, when water uptake as well as swelling behaviour could be influenced by a
chemically modified vegetable oil, it seems no more than logical that also the resistance
towards microbiological degradation would be improved by this treatment. To test this,
again samples of untreated, rapeseed oil treated an anhydride functional linseed oil treated
Scottish pine were subjected to a so-called Bravery Test. Specimens of 100 x 20 x 5 mm
wood were buried in soil, contaminated with Coriolus Versicolor, a representative species
of wood rot causing fungi. The relative humidity of the air above the soil was kept at 70 %,
to provide optimal conditions for the fungi. After 6 weeks the weight loss was measured
The figures are shown on the next page.

Again, the anhydride modified oil treated wood outperforms the unmodified oil treated
material as well as the untreated wood.
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Mass loss, %
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Fig. 10.  Miniblock (Bravery) test of several specimens of wood treated by vegetable oil.

Conclusions.

From the above results it can safely be concluded that chemical modification of Nordic soft
wood can greatly enhance the moisture balance and therewith reduce the susceptibility to
degradation. Dimension stability as well as moisture content and hardness are on a
significantly improved level.
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Task 2: Industrial evaluation

No involvement in this task

Work package 4: Pilot scale optimisation

Task 1. Construction of the pilot plant

Completed and reported in the first reporting period

Task 2. Process optimisation

WP 4 ; task T2 Process optimisation

In this task small scale process optimisations have been performed in order to support the
development of the pilot plant scale process optimisations. Problems have been encountered
in the large pilot plant scale processess. The mayor problem in this sense was the stability of
the modified oil (UZA) after several treatments on pilot plant scale (see also report of
Foreco on WP4, T2 and T4). The viscocity of the oil increased to very high level. The oil
had to be removed from the pilot plant intallation in order to prevent further and damage
problems with the installation.

One of the options to tackle the problems with the increasing viscocity of the modified oil is
performing the process in two or three steps and using a second non-drying vegetabe oil.
The results of the research and findings of the development of a two step treatment (firstly)
on small scale are described below.

Small scale experiments “two steps” Ecotan treatment and additives for the treatment oil
(UZA).

Introduction:

Treatment of wood in a one step treatment in reactive oil (UZA only), gave unsatisfactory
results with respect to surface cleanliness and with the polymerisation of the bulk UZA after
several runs on the pilot plant. One possible answer on overcoming these problems
regarding this treatment process is modifying the treatment method from a one step
treatment to a two step treatment. For this purpose the heating phase could be performed in
an other type of (non-drying or non-polymerising) vegetable oil. In this case rape seed oil.
Before this other way of performing the treatment can be upscale to the pilot plant scale 
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firstly preliminary experiments on small scale have to be performed in order to gain detailed
information on the characteristics of this method. With respect to this several (research)
questions were still open:

• what is the oil uptake (wet WPG) of the wood after “cold”  impregnation with UZA?

• how does the incorporation of additives influence this uptake ?

• does all of the UZA remain in the wood during the heating phase in RSO or is part
of the UZA boiled out of the wood and contaminates the RSO?.

• can polymerisation of the UZA in the wood during the heating phase be
achieved/improved by incorporating additives to the UZA?

• is addition of pigments to the UZA, which could act as a combined drying agent and
weather resistance agent, a workable option?

• do these additives also work with linseed oil (LSO) instead of UZA?

Goal:

The goal of these small-scale experiments was to investigate the characteristics of the “two-
step” hot oil treatment. The other goal was to investigate the effect of additives in the UZA
on polymerisation of the UZA, surface cleanliness and mobility (leaching) of the treatment
oil.

Materials and methods:

Wood species: Birch, Spruce and Scots pine sapwood

Sample dimensions: (EN 113 blocks) 15 x 25 x 50

Additives (to the oil)

1. Peroxide as an agent to polymerise the impregnated oil at high temperature. This type of
peroxide becomes active at temperatures above 150 °C. For this purpose di tertiar butyl
peroxide was selected.

2. Iron oxide (FeO), red en yellow were selected as pigments to improve the property of the
oil treatment

3. Two oil drying agents have been use, a manganese and a carbo-manganese dryer.

Treatment
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step 1; impregnation

with:

• UZA

• UZA + (3%) di-t-butyl (3%)

• UZA + (1%) FeO (yellow)

• UZA + (1%) FeO (red)

• UZA + (0,4%) manganese dryer Mn10

• UZA + (0,4%) manganese-carbo dryer CF 550

• UZA + (1%) FeO (yellow)+ 0,4 Mn10

• LINSEED OIL

• LINSEED OIL + (3%) di-t-butyl (3%)

• LINSEED OIL + (1%) FeO (yellow)

• LINSEED OIL + (1%) FeO (yellow)+ 0,4% Mn10

conditions:

30 minutes vacuum followed by 2 hours pressure at 8 Bar.

Step 2: Heating phase (curing)

The heating phase was performed according to two types of treatment

1. In a two litre oil bath. Heating oil was refined rapeseed oil. 

2. In a heating oven excluding oxygen by nitrogen.

Conditions:

• heating temperature: 200 °C

• heating time:3 hours (at 200 °C)

• dewatering and heating up time: approx. 90 minutes



110

Measurements:

• The weight before and after impregnation and after curing. Calculating the
weight percentages gain (WPG) after impregnation and after curing.

• visual inspection of the colour (colour scanning) and surface conditions

Results and discussion:

 The pigments FeO (yellow and red) only partly solve in the UZA and linseed oil.
Precipitation of the pigments occurs in the oil and partly on the wood surface after
impregnation.

 All samples showed a good quality and surface after the heat treatment

See figure (scans) of the treated samples:

Scans of the treated samples
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 There were slight differences in colour of the different treated samples. In general the
oven treated samples were darker compared to the rape seed oil (RSO) heat-treated
samples. The samples with peroxide were (not surprisingly) lighter compared to the
other samples. Only slight influence of the pigments on the colour were observed.

 Detailed results of all individual samples can be found in the appendix. Average results
or shown in the tables below.

 From the results shown in the tables it can be concluded that:

 The weight percentage gain (WPG) after impregnation was not substantial influenced by
the different additions of the UZA.

 No large difference between UZA impregnation and linseed oil (LSO) impregnation
were seen. Only in case of spruce the uptake of LSO was consequently and substantial
higher compared to the UZA treatment.

 In all cases the WPG after curing was substantial lower compared to the WPG after
impregnation (before curing). This means that there was a substantial loss of UZA from
the wood to the heating RSO during the treatment. This loss was also found to the same
magnitude in the oven treatment. This loss of UZA varies from 20 to 60 % of the
original UZA impregnated (see the numbers of ratio WPGcure/WPGimpregnation).

This high loss of UZA can be explained by:
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1. Boiling of the water out of the wood. With the steam flow from the wood the
impregnated UZA is partly stripped of the wood. 

2. Expansion of the oil. The oil is cold impregnated and expands during the heating to 200
°C.

This loss of UZA during the heat treatment is at the moment the main hindrance for further
development of the two-step process and the upscaling to pilot plant scale. For this the
treatment method needs to be adapted furtherly.

Recommendations and further work 

One of the suggestions is to introduce the three-phase treatment;

RSO-UZA-RSO treatment

1. Phase 1 – heating up in RSO to approx. 150 °and dewatering the wood 

2. Phase 2 -  drainage of the RSO and vacuuming the wood ; pumping preheated UZA (150
°C) in the reactor followed by pressure in order impregnate the wood with UZA;
followed by drainage of the UZA and post vacuum

3. Phase 3 pumping in RSO and continuing heating to 200 °C in the RSO.

The above mentioned will be worked out in proceeding experiments

APPENDIX : Tables with (average) data of the treated wood 

Weight percentage gain (WPG) after impregnation (1)

Weight percentage gain (WPG) after curing  (2)

and ration 1 and 2 which gives the indication of the effectiveness of the impregnated oil and
the loss of impregnated oil during the curing step.
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code
treatment oil 

+ additive
Heating 
phase

WPG after
impregn

WPG after
curing

ratio 
WPG cure

/
WPG impregn

Birch b = oil bath % %
o = oven

B1 UZA + ditp b 55,8 18,8 0,34
B2 UZA + ditp b 55,1 17,4 0,32
B3 UZA + ditp o 54,9 24,1 0,44
B4 UZA + ditp o 41,6 20,1 0,48

UZA + ditp 51,8 20,1 0,39
B5 UZA + FeO (g) b 34,0 18,4 0,54
B6 UZA + FeO (g) b 22,3 11,1 0,50
B7 UZA + FeO (g) o 39,5 19,6 0,50
B8 UZA + FeO (g) o 29,0 9,0 0,31

UZA + FeO (g) 31,2 14,5 0,46
B9 LSO + ditP b 72,3 22,4 0,31

B10 LSO + ditP b 63,4 20,4 0,32
B11 LSO + ditP o 69,8 33,0 0,47
B12 LSO + ditP o 66,5 34,7 0,52

LSO + ditP 68,0 27,7 0,41
B13 UZA + FeO ® b 32,2 16,0 0,50
B14 UZA + FeO ® b 49,1 26,9 0,55
B15 UZA + FeO ® o 49,3 22,7 0,46
B16 UZA + FeO ® o 47,2 20,3 0,43

UZA + FeO ® 44,4 21,5 0,48
B17 LSO + Feo (g) b 49,9 24,3 0,49
B18 LSO + Feo (g) b 59,5 32,2 0,54
B19 LSO + Feo (g) o 72,2 44,6 0,62
B20 LSO + Feo (g) o 64,5 35,2 0,55

LSO + Feo (g) 61,5 34,1 0,55
B21 UZA + Feo + Mn10 b 63,2 38,1 0,60
B22 UZA + FeO + Mn10 b 75,5 43,0 0,57
B23 UZA + Feo + Mn10 o 82,3 48,9 0,59
B24 UZA + Feo + Mn10 o 78,4 46,8 0,60

UZA + Feo + Mn10 74,8 44,2 0,59
B25 UZA + Mn10 b 56,2 35,4 0,63
B26 UZA + Mn10 b 71,3 50,3 0,71
B27 UZA + Mn10 o 56,2 50,3 0,89
B28 UZA + Mn10 o 59,2 50,0 0,84

UZA + Mn10 60,7 46,5 0,77
B29 UZA + CF550 b 69,2 38,7 0,56
B30 UZA + CF550 b 72,2 40,8 0,57
B31 UZA + CF550 o 80,9 51,8 0,64
B32 UZA + CF550 o 64,1 38,1 0,59

UZA + CF550 71,6 42,3 0,59
B33 LSO FeO + Mn10 b 68,1 28,8 0,42
B34 LSO FeO + Mn10 b 69,2 28,0 0,40
B35 LSO FeO + Mn10 o 64,4 28,7 0,45
B36 LSO FeO + Mn10 o 60,1 26,1 0,43

LSO FeO + Mn10 65,5 27,9 0,43
B37 UZA b 63,5 32,0 0,50
B38 UZA b 82,0 39,5 0,48
B39 UZA o 69,8 50,7 0,73
B40 UZA o 56,7 30,9 0,54

UZA 68,0 38,3 0,56
B41 LSO b 79,9 39,0 0,49
B42 LSO b 68,0 34,7 0,51
B43 LSO o 70,0 32,0 0,46
B44 LSO o 63,3 16,6 0,26

LSO 70,3 30,6 0,43
B45 untreated ref.  0,0 15,1
B46 untreated ref.  0,0 14,5
B47 untreated ref. 0,0 9,3
B48 untreated ref. 0,0 12,1

untreated ref. 0,0 12,7
B49 untreated ref. o -1,0
B50 untreated ref. o -0,8
B51 untreated ref. o -0,4
B52 untreated ref. o -1,9
B53 untreated ref. -1,0
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code
treatment oil 

+ additive
Heating 
phase

WPG after
impregn

WPG after
curing

ratio 
WPG cure

/
WPG impregn

Scots p. sapwood b = oil bath  g %
o = oven

g1 UZA + ditp b 85,9 43,8 0,51
g2 UZA + ditp b 35,2 17,4 0,49
g3 UZA + ditp o 40,6 28,1 0,69
g4 UZA + ditp o 43,7 33,2 0,76

UZA + ditp 51,3 30,7 0,61
g5 UZA + FeO (g) b 77,4 44,8 0,58
g6 UZA + FeO (g) b 21,8 11,6 0,53
g7 UZA + FeO (g) o 19,8 9,0 0,45
g8 UZA + FeO (g) o 73,8 52,2 0,71

UZA + FeO (g) 48,2 29,4 0,57
g9 LSO + ditP b 82,1 42,7 0,52
g10 LSO + ditP b 63,2 28,2 0,45
g11 LSO + ditP o 79,7 30,4 0,38
g12 LSO + ditP o 61,1 44,3 0,73

LSO + ditP 71,5 36,4 0,52
g13 UZA + FeO ® b 74,6 45,8 0,61
g14 UZA + FeO ® b 86,6 44,6 0,52
g15 UZA + FeO ® o 132,9 88,7 0,67
g16 UZA + FeO ® o 82,9 62,1 0,75

UZA + FeO ® 94,2 60,3 0,64
g17 LSO + Feo (g) b 79,1 38,2 0,48
g18 LSO + Feo (g) b 178,9 111,7 0,62
g19 LSO + Feo (g) o 184,5 159,8 0,87
g20 LSO + Feo (g) o 101,6 93,6 0,92

LSO + Feo (g) 136,0 100,8 0,72
g21 UZA + Feo + Mn10 b 104,1 78,7 0,76
g22 UZA + FeO + Mn10 b 166,4 106,1 0,64
g23 UZA + Feo + Mn10 o 164,4 119,5 0,73
g24 UZA + Feo + Mn10 o 103,8 78,0 0,75

UZA + Feo + Mn10 134,7 95,6 0,72
g25 UZA + Mn10 b 153,4 99,8 0,65
g26 UZA + Mn10 b 97,7 69,3 0,71
g27 UZA + Mn10 o 53,2 38,8 0,73
g28 UZA + Mn10 o 50,0 36,5 0,73

UZA + Mn10 88,6 61,1 0,71
g29 UZA + CF550 b 53,8 31,6 0,59
g30 UZA + CF550 b 172,8 109,4 0,63
g31 UZA + CF550 o 59,2 41,8 0,71
g32 UZA + CF550 o 109,4 84,8 0,77

UZA + CF550 98,8 66,9 0,68
g33 LSO FeO + Mn10 b 165,7 112,6 0,68
g34 LSO FeO + Mn10 b 117,7 77,9 0,66
g35 LSO FeO + Mn10 o 107,5 43,8 0,41
g36 LSO FeO + Mn10 o 77,2 81,2 1,05

LSO FeO + Mn10 117,0 78,9 0,70
g37 UZA b 53,4 31,3 0,59
g38 UZA b 164,5 94,2 0,57
g39 UZA o 174,6 145,3 0,83
g40 UZA o 58,3 41,1 0,71

UZA 112,7 78,0 0,67
g41 LSO b 98,8 54,6 0,55
g42 LSO b 84,2 52,0 0,62
g43 LSO o 89,0 67,9 0,76
g44 LSO o 70,0 58,6 0,84

LSO 85,5 58,3 0,69
g45 LSO  102,0

 
g46 untreated ref. 0,0 9,0
g47 untreated ref. 0,0 7,2
g48 untreated ref. 0,0 3,0
g49 untreated ref. 0,0 30,0

untreated ref. 0,0 12,3
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code
treatment oil 

+ additive
Heating 
phase

WPG after
impregn

WPG after
curing

ratio 
WPG cure

/
WPG 

impregn
Spruce b = oil bath  g %

o = oven
V1 UZA + ditp b 27,9 7,5 0,27
V2 UZA + ditp b 28,4 11,9 0,42
V3 UZA + ditp o 27,5 14,5 0,53
V4 UZA + ditp o 22,8 13,5 0,59

UZA + ditp 26,7 11,9 0,45
V5 UZA + FeO (g) b 17,8 7,1 0,40
V6 UZA + FeO (g) b 18,3 7,3 0,40
V7 UZA + FeO (g) o 16,2 6,8 0,42
V8 UZA + FeO (g) o 18,6 7,7 0,41

UZA + FeO (g) 17,7 7,2 0,41
V9 LSO + ditP b 26,4 10,7 0,40
V10 LSO + ditP b 25,2 11,4 0,45
V11 LSO + ditP o 26,4 8,0 0,30
V12 LSO + ditP o 30,7 10,4 0,34

LSO + ditP 27,2 10,1 0,38
V13 UZA + FeO ® b 16,3 10,7 0,66
V14 UZA + FeO ® b 18,8 11,9 0,63
V15 UZA + FeO ® o 15,6 7,1 0,46
V16 UZA + FeO ® o 19,4 9,9 0,51

UZA + FeO ® 0,56
V17 LSO + Feo (g) b 22,4 11,3 0,51
V18 LSO + Feo (g) b 24,5 11,2 0,46
V19 LSO + Feo (g) o 41,4 19,8 0,48
V20 LSO + Feo (g) o 43,7 22,1 0,51

LSO + Feo (g) 33,0 16,1 0,49
V37 UZA b 24,9 12,5 0,50
V38 UZA b 17,8 12,0 0,68
V39 UZA 30,8 13,6 0,44
V40 UZA o 24,1 12,6 0,52

UZA 24,4 12,7 0,54
V41 LSO b 46,1 23,3 0,51
V42 LSO b 46,5 24,0 0,52
V43 LSO o 49,4 25,5 0,52
V44 LSO o 27,1 11,8 0,44

LSO 42,2 21,2 0,49
V45 untreated ref.  0,0 3,3
V46 untreated ref.  0,0 3,0
V47 untreated ref. 0,0 4,1
V48 untreated ref. 0,0 4,3

untreated ref. 0,0 3,7



117

Task 3  Preparation of test material.

In this task semi-pilot scale  process optimisations have been performed in order to support
the development of the pilot plant scale process optimisations. Problems have been
encountered in the large pilot plant scale processes. The mayor problem in this sense was
the stability of the modified oil (UZA) after several treatments on pilot plant scale (see also
report of Foreco on WP4, T2 and T4). 

The viscosity of the oil increased to very high level. The oil had to be removed from the
pilot plant installation in order to prevent further and damage problems with the installation.

One of the options to tackle the problems with the increasing viscosity of the modified oil is
performing the process in two or three steps and using a second non-drying vegetable oil
(rapeseed oil – RSO). 

Semi-pilot scale experiments on the MP2 installation (25 litre reactor) have been performed
at SHR Timber Research. These trials have been performed in order to investigate the
possibilities of a two or three steps process and locate the process optimum. Also test
material has been produced in order the analyse the influence of the changed process
conditions on the basic properties of the treated wood..

MP 2 (25 litre) trials on process optimisation of “two steps” and “three steps”process
of the Ecotan treatment.

Introduction:

Treatment of wood in a one step treatment in reactive oil (UZA only), gave unsatisfactory
results with respect to surface cleanliness and with the polymerisation of the bulk UZA after
several runs on the pilot plant. In general the efficiency of the use of the more expensive
UZA in the treatment needed to be improved. 

One possible answer on overcoming these problems regarding this treatment process is
modifying the treatment method from a one step treatment to a two-step – or theree-step-
reatment. For this purpose the heating phase is performed in an other type of (non-drying or
non-polymerising) vegetable oil. In this case rape seed oil (RSO).

The scaling-up this new way of process performance and novel treatment conditions is
introduced steps wise. Meaning that this treatment is firstly tried out on small scale (see
report of WP4 – T2 small scale experiments) and now scale up to a semi-pilot scale in the
MP2 reactor (25 litre) of SHR. Before the treatment can be upscaled to the pilot plant scale
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firstly preliminary experiments on have to be performed in order to gain detailed
information on the characteristics of this method and impact of this change on the basic
wood properties.

With respect to this several (research) questions were still open:

• what are surface characteristic of the treated wood after treatment in two or three steps
process.

• what is the oil uptake (wet WPG) of the wood after “cold”  impregnation with UZA?

• does all of the UZA remain in the wood during the heating phase in RSO or is part of
the UZA boiled out of the wood and contaminates the RSO?.

• what is the uptake of wood of  rapeseed oil during the heat treatment in RSO

• what is the difference in efficiency of the treatment with respect to use of reactive oil
(UZA) in two or three steps process compared to the one step treatment. 

• what is the  influence of temperature of the UZA during the impregnation phase of the
treatment

• what is the  influence of using a full cell impregnation compared to an empty cell
impregnation.

• what is the impact of an easy to impregnate wood species (Birch) compared to a hard to
impregnate wood species (Spruce) on the applied changes of process performing.

• what is the impact of sample dimensions on the uptake of oil tested on easy to
impregnate wood species (Scots pine sapwood)

Materials and methods:

Wood species: Birch and Spruce (treatments runs 21 to 25)

Sample dimensions: (samples for weathering tests: 20 x 70 x 150 mm)

Wood species: Scots pine sapwood (treatments runs 26 to 27)

Sample dimensions: (samples dimensions divers: 15 x 15 x 15; 10 x 5 x 100;  500 x 24 x 50
mm)

A description of the performed treatment runs and an overview in the form of a table can be
found below.
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Rus

RSO

T              P

(°C)          (bar)

RSO- UZA UZA

T            P

(°C)        (bar)

UZA RSO RSO

T             P

(°C)         (bar)

21) 2 steps 

process

-             3 (N2) ---------------- 60          8(N2) vacuüm 200         atm.

22)  2 steps

       process

-             3 (N2) ---------------- 150        8(N2) vacuum 200         atm

23)  3 steps

       process

150        atm Vacuum 150        8(N2) vacuum 200         atm

24)  3 steps 

       process

150       atm Vacuum

3 bar (N2)

150        8(N2) vacuum 200         atm

25) 2 steps
process

- 3 bar (N2) 150        8(N2) 200       steam

26) 2 steps

       process

-             ---------------- 150        8(N2) vacuum 200         atm

27) 2 steps

       process

-             ---------------- 150        8(N2) vacuum 160         atm

UZA is stored in vessel V1 

RSO is stored in vessel V2 

RUN NO. ET021

Placing samples in the reactor (R1)

Pre-pressure on the wood samples in R1 of 3 bar with N2 gas for  30 minutes

Pre-heating UZA and R1 to app. 60°C and adding UZA on to the wood in R1, 

Putting on pressure of 8 Bar for 30 minutes. Releasing pressure.
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Draining UZA from R1 and putting on vacuum for 30 minutes, releasing vacuum and
weighing of the samples. Replacing the samples in the reactor R1. Adding additional non-
treated samples in order to measure the uptake of RSO oil in the second phase of the
treatment.

Pre-heating RSO to 150°C and adding hot RSO in the reactor on to the wood. Heating R1
and RSO oil up to 200 °C , maintaining temperature for 90 minutes (atmospheric, meaning
no additional pressure on R1).

Draining of RSO, after vacuum for  15 minutes and cooling down of R1 and treated wood
samples.

Determining the mass of all samples after treatment

RUN NO. ET022

Placing samples in the reactor (R1)

Pre-pressure on the wood samples in R1 of 3 bar with N2 gas for  30 minutes

Pre-heating UZA to app. 150 °C and R1 to app. 90°C and adding UZA on to the wood in
R1, 

Putting on pressure of 8 Bar for 30 minutes. Releasing pressure.

Draining UZA from R1 and putting on vacuum for 30 minutes, releasing vacuum and
weighing of the samples. Replacing the samples in the reactor R1. Adding additional non-
treated samples in order to measure the uptake of RSO oil in the second phase of the
treatment.

Pre-heating RSO to 150°C and adding hot RSO in the reactor on to the wood. Heating R1
and RSO oil up to 200 °C , maintaining temperature for 90 minutes (atmospheric, meaning
no additional pressure on R1).

Draining of RSO, after vacuum for 15 minutes and cooling down of R1 and treated wood
samples.

Determining the mass of all samples after treatment



121

RUN NR ET023 (FULL CELL)

Placing samples in the reactor (R1)

Pre-heating RSO to 150 °C and adding hot RSO in the reactor on to the wood. Boiling water
out of the wood once the temperature inside the wood (measured with thermocouple)
reaches 150 °C, maintaining temeprature for 30 minutes. Drainage of RSO, after vacuum for
30 minutes. Weighing samples. Replacing the samples in the reactor R1. Pre-heating UZA
to app. 150 °C and adding UZA on to the wood in R1. Putting on pressure of 8 Bar for 30
minutes. Releasing pressure.

Draining UZA from R1 and putting on vacuum for 30 minutes, releasing vacuum and
weighing of the samples. Replacing the samples in the reactor R1. Adding additional non-
treated samples in order to measure the uptake of RSO oil in the second phase of the
treatment.

Pre-heating RSO to 150°Cand adding on to the wood. Heating R1 and RSO up to 200 °C,
maintaining temperature for 90 minutes (atmospheric, meaning no additional pressure on
R1).

Draining of RSO, after vacuum for 15 minutes and cooling down of R1 and treated wood
samples.

Determining the mass of all samples after treatment

RUN NR ET024 (EMPTY CELL) 

Placing samples in the reactor (R1)

Pre-heating RSO to 150 °C and adding hot RSO in the reactor on to the wood. Boiling water
out of the wood once the temperature inside the wood (measured with thermocouple)
reaches 150 °C, maintaining temeprature for 30 minutes. Drainage of RSO, after vacuum for
30 minutes. Weighing samples. Replacing the samples in the reactor R1. 

Pre-pressure on the wood samples in R1 of 3 bar with N2 gas for  30 minutes

Pre-heating UZA to app. 150 °C and adding UZA on to the wood in R1. Putting on pressure
of 8 Bar for 30 minutes. Releasing pressure.

Draining UZA from R1 and putting on vacuum for 30 minutes, releasing vacuum and
weighing of the samples. Replacing the samples in the reactor R1. Adding additional non-
treated samples in order to measure the uptake of RSO oil in the second phase of the
treatment.
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Pre-heating RSO to 150°Cand adding on to the wood. Heating R1 and RSO up to 200 °C,
maintaining temperature for 90 minutes (atmospheric, meaning no additional pressure on
R1).

Draining of RSO, after vacuum for 15 minutes and cooling down of R1 and treated wood
samples.

Determining the mass of all samples after treatment

RUN NR ET025 (EMPTY CELL) 

Placing samples in the reactor (R1)

Pre-pressure on the wood samples in R1 of 3 bar with N2 gas for  30 minutes

Pre-heating UZA to app. 150 °C and adding UZA on to the wood in R1. Putting on pressure
of 8 Bar for 30 minutes. Releasing pressure.

Draining UZA from R1 and putting on vacuum for 30 minutes, releasing vacuum and
weighing of the samples. V2 filled with steam of 200 °C. Steaming the samples in R1 to 200
°C and maintaining the temperature for 90 minutes.

Cooling down and determining the mass of all samples after treatment

RUN NR ET026

Placing samples in the reactor (R1)

Pre-heating UZA to app. 150 °C and R1 to app. 90°C and adding UZA on to the wood in
R1, 

Putting on pressure of 8 Bar for 30 minutes. Releasing pressure.

Draining UZA from R1 and putting on vacuum for 30 minutes, releasing vacuum and
weighing of the samples. Replacing the samples in the reactor R1. Adding additional non-
treated samples in order to measure the uptake of RSO oil in the second phase of the
treatment.

Pre-heating RSO to 150°C and adding hot RSO in the reactor on to the wood. Heating R1
and RSO oil up to 200 °C , maintaining temperature for 90 minutes (atmospheric, meaning
no additional pressure on R1).
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Draining of RSO, after vacuum for 15 minutes and cooling down of R1 and treated wood
samples.

Determining the mass of all samples after treatment

RUN NR ET027 

Placing samples in the reactor (R1)

Pre-heating UZA to app. 150 °C and R1 to app. 90°C and adding UZA on to the wood in
R1, 

Putting on pressure of 8 Bar for 30 minutes. Releasing pressure.

Draining UZA from R1 and putting on vacuum for 30 minutes, releasing vacuum and
weighing of the samples. Replacing the samples in the reactor R1. Adding additional non-
treated samples in order to measure the uptake of RSO oil in the second phase of the
treatment.

Pre-heating RSO to 150°C and adding hot RSO in the reactor on to the wood. Heating R1
and RSO oil up to 160 °C, maintaining temperature for 90 minutes (atmospheric, meaning
no additional pressure on R1).

Draining of RSO, after vacuum for 15 minutes and cooling down of R1 and treated wood
samples.

Determining the mass of all samples after treatment

Results 

The results of the performed runs and development the mass of the treated samples
including the Weight Percentage Gain (WPG) after treatment can be found in the table
below.
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ET021 10-1-2005
Experiment : Spruce 65% Rv geklimatiseerd
Experiment : Birch 65% Rv geklimatiseerd
Dimensions  150x70x20
 
   SHR092

14-1-2005 UZA RSO UZA RSO
Weight calc. Weight Weight Weight WPG WPG

65% RV(g) 103C (g) after impreg.(g) after impreg.(g) % %
V21-1 83,63 73,01 95,1 82,5 30% 13,0%
V21-2 82,88 72,35 93,2 81,6 29% 12,8%
V21-3 80,16 69,98 87,5 78,1 25% 11,6%
V21-4 83,88 73,23 93,8 80,5 28% 9,9%
V21-5 83,1 72,55 91,7 81,2 26% 11,9%
V21-6 85,28 74,45 96,3 83,3 29% 11,9%
V21-7 81,52 71,17 92,2 78,8 30% 10,7%
V21-8 83,78 73,14 96 82,9 31% 13,3%
V21-9 97,75 85,34 107,7 95,4 26% 11,8%
V21-10 97,65 85,25 110,3 95,2 29% 11,7%
V21-11 93,93 82,00 93,8  14,4%
V21-12 95,79 83,62 93,8  12,2%

28% 12%
  

B21-1 154,75 139,58 176,8 180,6 27% 29,4%
B21-2 141,83 127,93 164,1 171,5 28% 34,1%
B21-3 125,71 113,39 160,5 170,3 42% 50,2%
B21-4 147,86 133,37 169,8 172,8 27% 29,6%
B21-5 152,53 137,58 175,1 180,3 27% 31,0%
B21-6 120,03 108,27 144,5 166,3 33% 53,6%
B21-7 121,41 109,51 155 165,9 42% 51,5%
B21-8 120,38 108,58 144,2 161,7 33% 48,9%
B21-9 119,47 107,76 151,1 164,4 40% 52,6%
B21-10 126,27 113,90 157,4 170,1 38% 49,3%
B21-11 160,94 145,17 191,9  32,2%
B21-12 144,26 130,12 177,7  36,6%

34% 42%

"Wet" Dry MC
(g) (g) (%)

V11 83,58 72,97 14,6%
V12 97,65 85,3 14,5%
B11 122,01  110,08 10,8%
B12 159,75 143,91 11,0%
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ET022 12-1-2005
Experiment 22: Spruce (V) 65% Rv geklimatiseerd
Experiment 22: Birch (B)  65% Rv geklimatiseerd
Dimensions 150x70x20
 
 DH 13-3-2005 13-3-2005

12-1-2005 UZA RSO UZA RSO
Weight calc. Weight Weight Weight WPG WPG

65% RV(g) 103C (g) after impreg.(g) after impreg.(g) % %
V22-1 96,31 84,08 114,5 107,88 36,2% 28%
V22-2 96,94 84,63 115,4 108,02 36,4% 28%
V22-3 96,65 84,38 107,4 100,5 27,3% 19%
V22-4 97,04 84,72 113,2 103,14 33,6% 22%
V22-5 97,04 84,72 106,5 98,84 25,7% 17%
V22-6 95,87 83,69 108 99,14 29,0% 18%
V22-7 96,64 84,37 112,2 100,81 33,0% 19%
V22-8 97,77 85,35 106,6 97,87 24,9% 15%
V22-9 96,95 84,64 110 101,72 30,0% 20%
V22-10 98,52 86,01 114,5 107,6 33,1% 25%
V22-11 98 85,55 100,47  17%
V22-12 98,02 85,57 101,9  19%

 31% 21%
  

B22-1 122,9 110,86 141,4 170,53 27,6% 54%
B22-2 124,81 112,58 137,1 167,7 21,8% 49%
B22-3 130,02 117,28 140,1 168,97 19,5% 44%
B22-4 126,34 113,96 144,7 169,61 27,0% 49%
B22-5 133,04 120,00 146,9 170,3 22,4% 42%
B22-6 131,71 118,80 150,8 176,02 26,9% 48%
B22-7 118,75 107,11 134 160,09 25,1% 49%
B22-8 116,42 105,01 132,4 159,38 26,1% 52%
B22-9 122,7 110,68 143,5 169,71 29,7% 53%
B22-10 121,57 109,66 143,8 172,98 31,1% 58%
B22-11 118,69 107,06 171 60%
B22-12 115,67 104,33 169,58  63%

26% 52%
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ET023 17-1-2005
Experiment 23: Spruc (V) 65% Rv geklimatiseerd
Experiment 23: Birch (B) 65% Rv geklimatiseerd
Afmetingen 150x70x20
 SHR 092
    

17-1-2005 RSO UZA RSO (2) RSO UZA RSO (2)
Weight calc. Weight Weight WPG WPG WPG

65% RV(g) 103C (g) after impreg.(g) % % %
V23-1 85,49 74,63 86,11 97,86 94,03 15% 31% 26%
V23-2 86,42 75,44 84,27 96,02 92,52 12% 27% 23%
V23-3 87,34 76,25 86,38 97,98 93,77 13% 29% 23%
V23-4 86,47 75,49 88,37 100,56 96,11 17% 33% 27%
V23-5 86,91 75,87 85,66 97,03 93,59 13% 28% 23%
V23-6 84,5 73,77 85,15 95,74 92,09 15% 30% 25%
V23-7 86,08 75,15 86,64 97,23 93,49 15% 29% 24%
V23-8 83,78 73,14 85,37 96,61 93,28 17% 32% 28%
V23-9 86,31 75,35 85,94 99,64 95,85 14% 32% 27%
V23-10 85,26 74,43 87,03 100,05 95,96 17% 34% 29%
V23-11 82,24 71,80 95 87,78  32% 22%
v11 83,58 72,97 93,06  28%

15% 31% 25%
   

B23-1 146,59 132,22 172,89 209,6 196,8 31% 59% 49%
B23-2 146,35 132,01 163,75 193,28 186,24 24% 46% 41%
B23-3 149,25 134,62 197,07 215,2 194,75 46% 60% 45%
B23-4 150,78 136,00 167,7 197,8 194,13 23% 45% 43%
B23-5 152,39 137,46 190,08 217,26 200,8 38% 58% 46%
B23-6 156,44 141,11 200,22 219,31 197,69 42% 55% 40%
B23-7 157,44 142,01 170,53 199,79 197,72 20% 41% 39%
B23-8 150,44 135,70 190,06 212,92 192,51 40% 57% 42%
B23-9 157,69 142,24 194,71 217,66 202,45 37% 53% 42%
B23-10 123,81 111,68 173,86 191,78 189,37 56% 72% 70%
B23-11 143,68 129,60  
B23-12 116,1 104,72 193,81 206,35  85% 97%

 36% 57% 50%
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ET024 31-3-2005
Experiment 24 Spruce (V) 65% Rv geklimatiseerd
Experiment 24: Birch (B)  65% Rv geklimatiseerd
Dimensions 150x70x20
  
     

19-1-2005 RSO UZA RSO (2) RSO UZA RSO (2)
Weight calc. Weight Weight WPG WPG WPG

65% RV(g) 103C (g) after impreg.(g) % % %
V24-1 84,65 73,90 after 96,34 94,77  30,4% 28,2%
V24-2 96,01 83,82 after 115,14 111,70 37,4% 33,3%
V24-3 96 83,81 after 110,02 106,74 31,3% 27,4%
V24-4 85,97 75,05 after 95,77 92,63 27,6% 23,4%
V24-5 82,5 72,02 after 90,61 88,54 25,8% 22,9%
V24-6 98,36 85,87 after 114,19 111,36 33,0% 29,7%
V24-7 96,7 84,42 after 113,79 110,18 34,8% 30,5%
V24-8 97,49 85,11 after 109,4 106,37 28,5% 25,0%
V24-9 97,53 85,14 after 111,86 109,16 31,4% 28,2%
V24-10 97,43 85,06 after 110,28 107,23 29,7% 26,1%
untreated 82,7 72,20 82,17 13,8%
average 31,0% 26,2%

B24-1 149,38 134,74 after 191,48 189,38 42,1% 40,6%
B24-2 123,55 111,44 after 168,02 185,84 50,8% 66,8%
B24-3 131,25 118,39 after 173,39 195,30 46,5% 65,0%
B24-4 154,72 139,56 after 192,19 189,66 37,7% 35,9%
B24-5 155,52 140,28 after 192,59 187,55 37,3% 33,7%
B24-6 153,58 138,53 after 190,28 185,97 37,4% 34,2%
B24-7 125,88 113,54 after 169,27 192,12 49,1% 69,2%
B24-8 127,2 114,73 after 172,84 189,62 50,6% 65,3%
B24-9 126,2 113,83 after 175 194,32 53,7% 70,7%
B24-10 148,24 133,71 after 190,6 192,09 42,5% 43,7%
untreated 153,96 138,87 after 180,24 29,8%
untreated 128,76 116,14 after 168,79 45,3%
average 45,1% 50,9%

ET025 24-1-2005
Experiment 22: Spruce (V) 65% Rv geklimatiseerd
Experiment 22: Birch (B)  65% Rv geklimatiseerd
Dimensions 150x70x20
  
 24-1-2005       

 RSO UZA RSO UZA steam
Weight calc. Weight Weight Weight WPG WPG WPG

65% RV(g) 103C (g) after impreg.(g) steam % % %
V25-1 91,23 79,64 after after 91,41 after after 14,8%
V25-2 89,79 78,39 after after 90,66 after after 15,7%
V25-3 90,24 78,78 after after 91,95 after after 16,7%
V25-4 91,02 79,46 after after 91,30 after after 14,9%
V25-5 89,88 78,47 after after 87,40 after after 11,4%
V25-6 92,16 80,46 after after 91,57 after after 13,8%
V25-7 94,06 82,11 after after 96,73 after after 17,8%
V25-8 88,84 77,56 after after 87,29 after after 12,5%
V25-9 89,23 77,90 after after 87,31 after after 12,1%
V25-10 95,12 83,04 after after 96,13 after after 15,8%

   14,5%
  

B25-1 152,66 137,70 after after 159,44 after after 15,8%
B25-2 151,78 136,91 after after 151,97 after after 11,0%
B25-3 151,45 136,61 after after 156,65 after after 14,7%
B25-4 147,68 133,21 after after 152,26 after after 14,3%
B25-5 152,4 137,46 after after 150,10 after after 9,2%
B25-6 159,17 143,57 after after 162,41 after after 13,1%
B25-7 160,5 144,77 after after 159,48 after after 10,2%
B25-8 156,63 141,28 after after 154,64 after after 9,5%
B25-9 157,88 142,41 after after 161,65 after after 13,5%
B25-10 124,65 112,43 after after 132,02 after after 17,4%

   12,9%
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ET026  14-02-05
Step 1 UZA 150 °C Weight calc. Weight Weight WPG WPG
Step 2RSO 200 °C 103C (g) UZA/RSO average

Pine Sapwood g g g % %
Dimensions 26.1 382,22 344,00 513,78 49,4
50 x 24 x 50 26.2 300,2 270,18 349,06 29,2 39,28
Dimensions 26.3 3,349 3,01 5,19 72,2
10 x 5 x 100 mm 26.4 3,1414 2,83 4,93 74,4

26.5 2,6231 2,36 4,62 95,7
26.6 2,4549 2,21 4,91 122,2
26.7 3,2441 2,92 4,62 58,2
26.8 3,0895 2,78 4,92 76,9
26.9 3,036 2,73 5,06 85,2
26.10 3,1248 2,81 4,94 75,7
26.11 3,0941 2,78 4,83 73,4
26.12 3,0721 2,76 4,96 79,4
26.13 3,1975 2,88 4,6 59,8
26.14 2,307 2,08 4,64 123,5
26.15 2,8319 2,55 4,96 94,6
26.16 2,9549 2,66 4,98 87,3
26.17 3,1847 2,87 4,96 73,0
26.18 3,0998 2,79 4,73 69,5
26.19 3,2342 2,91 4,93 69,4
26.20 2,9895 2,69 5,01 86,2
26.21 2,6957 2,43 4,18 72,3
26.22 2,7123 2,44 4,51 84,8
26.23 2,9411 2,65 5,26 98,7
26.24 2,981 2,68 5,14 91,6
26.25 3,0957 2,79 4,96 78,0
26.26 3,2581 2,93 5,03 71,5
26.27 3,0065 2,71 4,69 73,3
26.28 3,1866 2,87 5,07 76,8
26.29 2,9801 2,68 5,06 88,7
26.30 3,0367 2,73 4,56 66,8
26.31 2,9188 2,63 4,81 83,1   
26.32 2,9798 2,68 4,54 69,3  
26.33 2,9634 2,67 5 87,5  
26.34 3,0993 2,79 4,94 77,1
26.35 3,0696 2,76 4,85 75,6
26.36 3,1478 2,83 4,86 71,5
26.37 3,2553 2,93 4,45 51,9 79,9

Dimensions 26.38 1,5457 1,39 2,49 79,0
15 x 15 x 15 mm 26.39 1,447 1,30 2,66 104,3

26.40 1,5758 1,42 2,59 82,6
26.41 1,4701 1,32 2,65 100,3
26.42 1,5823 1,42 2,68 88,2
26.43 1,6403 1,48 2,58 74,8
26.44 1,5463 1,39 2,8 101,2
26.45 1,346 1,21 2,16 78,3
26.46 1,3591 1,22 2,61 113,4
26.47 1,5562 1,40 2,62 87,1
26.48 1,5975 1,44 2,59 80,1
26.49 1,6662 1,50 2,58 72,0
26.50 1,4432 1,30 2,64 103,3
26.51 1,5178 1,37 2,79 104,2
26.52 1,4445 1,30 2,59 99,2
26.53 1,6776 1,51 2,62 73,5
26.54 1,3569 1,22 2,63 115,4
26.55 1,4753 1,33 2,66 100,3
26.56 1,6353 1,47 2,6 76,7
26.57 1,5493 1,39 2,6 86,5
26.58 1,5458 1,39 2,67 91,9
26.59 1,683 1,51 2,62 73,0
26.60 1,5328 1,38 2,67 93,5
26.61 1,4078 1,27 2,63 107,6
26.62 1,4623 1,32 2,67 102,9
26.63 1,4105 1,27 2,63 107,2
26.64 1,6298 1,47 2,58 75,9
26.65 1,5769 1,42 2,62 84,6
26.66 1,6361 1,47 2,62 77,9
26.67 1,6614 1,50 2,63 75,9 90,4
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ET027
Step 1 UZA 150 °C
Step 2RSO 160 °C  16-02-05

Pine Sapwood Weight calc. Weight Weight WPG WPG
 103C (g) UZA/RSO average
g g g % %

Dimensions 27.1 295,04 265,54 348,7 31,3
50 x 24 x 50 27.2 271,54 244,39 329,17 34,7 33,01
Dimensions 27.3 2,4244 2,18 5,0203 130,1
10 x 5 x 100 mm 27.4 2,6254 2,36 4,7242 99,9

27.5 2,3692 2,13 4,7302 121,8
27.6 2,9918 2,69 5,1008 89,4
27.7 3,182 2,86 3,8981 36,1
27.8 2,2625 2,04 4,9214 141,7
27.9 2,5247 2,27 4,8405 113,0
27.10 2,5724 2,32 4,9986 115,9
27.11 2,6023 2,34 3,6463 55,7
27.12 2,7869 2,51 3,8877 55,0
27.13 2,6758 2,41 3,7343 55,1
27.14 2,7082 2,44 5,0884 108,8
27.15 2,6532 2,39 3,9921 67,2
27.16 2,6981 2,43 4,9611 104,3
27.17 3,2699 2,94 5,0875 72,9
27.18 3,0778 2,77 4,6458 67,7
27.19 2,6389 2,38 3,6605 54,1
27.20 2,635 2,37 3,7411 57,8
27.21 2,3961 2,16 5,1404 138,4
27.22 2,6178 2,36 5,1625 119,1
27.23 2,5591 2,30 4,5489 97,5
27.24 2,4394 2,20 4,8865 122,6
27.25 2,6585 2,39 4,9176 105,5
27.26 2,807 2,53 5,0953 101,7
27.27 2,4292 2,19 4,9656 127,1
27.28 3,018 2,72 5,1273 88,8
27.29 2,3773 2,14 4,8251 125,5
27.30 2,6303 2,37 3,5348 49,3
27.31 2,7202 2,45 3,6064 47,3   
27.32 2,6724 2,41 4,8929 103,4  
27.33 2,5641 2,31 4,4199 91,5  
27.34 2,4057 2,17 3,5862 65,6
27.35 2,5201 2,27 3,6827 62,4
27.36 2,578 2,32 5,0337 117,0
27.37 2,2721 2,04 4,8126 135,3 92,7

Dimensions 27.38 1,3757 1,24 2,708 118,7
15 x 15 x 15 mm 27.39 1,6818 1,51 2,655 75,4

27.40 1,4465 1,30 2,707 107,9
27.41 1,6384 1,47 2,6152 77,4
27.42 1,3804 1,24 2,6732 115,2
27.43 1,4392 1,30 2,6957 108,1
27.44 1,6067 1,45 2,6424 82,7
27.45 1,576 1,42 2,7344 92,8
27.46 1,6188 1,46 2,5841 77,4
27.47 1,3489 1,21 2,6206 115,9
27.48 1,4222 1,28 2,6666 108,3
27.49 1,4945 1,35 2,6534 97,3
27.50 1,6246 1,46 2,6291 79,8
27.51 1,4422 1,30 2,6481 104,0
27.52 1,4748 1,33 2,7416 106,6
27.53 1,5052 1,35 2,7255 101,2
27.54 1,6744 1,51 2,6456 75,6
27.55 1,4685 1,32 2,7162 105,5
27.56 1,3922 1,25 2,6794 113,8
27.57 1,4005 1,26 2,6991 114,1
27.58 1,5942 1,43 2,621 82,7
27.59 1,6643 1,50 2,6255 75,3
27.60 1,4849 1,34 2,6933 101,5
27.61 1,5331 1,38 2,6988 95,6
27.62 1,6328 1,47 2,5967 76,7
27.63 1,362 1,23 2,821 130,1
27.64 1,4916 1,34 2,7269 103,1
27.65 1,6335 1,47 2,6033 77,1
27.66 1,5481 1,39 2,6375 89,3
27.67 1,5897 1,43 2,5934 81,3 97,1
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The visual inspection of the samples after treatment per run are lined out below. Also see
the foto’s in the figures below.

Run  21 and 22

The samples from this runs show the following properties:

:- Spruce 22-5 more dark goldbrown coloured compared to ET21, surface feels dry   (UZA
+ RSO)

- Spruce 22-11 yellow and brown on the yearrings surface feels dry (RSO)

- Birch 22-7 Brown and dark brown, surface feels dry (UZA + RSO), some yellow granulate
precipitation on the surface .

- Birch 22-11 Brown to dark brown , surface feels dry (RSO) some yellow granulate
precipitation on the surface .

Run  23

The samples from this runs show the following properties:

- Spruce 23-4   goldbrown coloured see   ET21, surface feels dry   (RSO + UZA + RSO)

- Birch 23-9 Brown to dark brown, surface feels dry   (UZA + RSO) some yellow granulate
precipitation on the surface .

Run  24

The samples from this runs show the following properties:

- Spruce 24-10 goldbrown coloured see   ET21, surface feels dry   (RSO + UZA + RSO)

- Spruce 24-11 Yellow and brown on the yearrings, surface dry (RSO)

- Birch 24-3  Dark brown, surface dry  (RSO + UZA + RSO) 

- Birch 24-11 Light brown surface dry  (RSO) 

Run  25

The samples from this runs show the following properties:

- Spruce 25-10   light brown coloured a little darker on the yearrings, surface dry ( UZA  +
steam) 

   acidic smell comparable to known thermal modification treatments of wood.
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- Birch 25-2  Brown to dark brown on the yearrings , surface dry  (UZA + steam) 

  acidic smell comparable to known thermal modification treatments of wood.

Figure: Foto’s of representtive samples of Birch and spruce from treatment runs ET21 to ET 25
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WPG – Influence of treatment conditions and dimensions on the WPG

The average results of the WPG after different treatments are shown in the table below.

Run

RSO

T P

(°C)(bar)

RSO-
UZA

UZA

T         P

(°C)     (bar)

UZA
RSO

RSO

T    

(°C) 

Birch

WPG

 (%)

Spruce

WPG

 (%)

21)  2 steps 

process

3 (N2) -- 60       8(N2) vacuüm 200  42 12

22)  2 steps

       process

3 (N2) -- 150     8(N2) vacuum 200  52 21

23)  3 steps

       process

150 atm Vacuum 150     8(N2) vacuum 200 50 25

24)  3 steps 

       process

150 atm Vacuum

3 bar (N2)

150     8(N2) vacuum 200  51 26

25) 2 steps 

       process

- 3 bar (N2) 150     8(N2) 200 13 15

Scots pine
sapwood 

50x24x50 15x15x15

26) 2 steps

       process

-             -------------
---

150     8(N2) vacuum 200 39 90

27) 2 steps

       process

-             -------------
---

150     8(N2) vacuum 160 33 97

The results in table show that:

• Birch has an uptake of the oil (WPG) after treatment, which is in general a factor 2
higher, compared to spruce. Birch darkens to a much higher rate as a result of the
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treatment compared to spruce. In general impregnation with UZA results in darker
wood, compared to wood which has been treated in only RSO.

• Steam curing results in a much lower WPG, which could indicate that in the other
treatments, were the curing is performed in RSO, a substantial uptake of RSO in this
thermal phase is occurring.

• No substantial difference in WPG in case of a steam treatment.

• Performing a higher temperature (150 vs. 60 °C) of the UZA during the impregnation
phase leads to a higher WPG after the complete treatment; 

• In all case a transport of UZA from the impregnated wood into RSO during the heating
phase in RSO can be observed

• Applying a pre-pressure (of 3 bar) prior to the impregnation with UZA results in less
loss of UZA only in the case of a good to impregnate wood species as Birch. (compare
the weight results in the tables above between run 23 and run 24).

• A clear influence of the wood dimensions on the WPG has been found, even in the case
of a good to impregnate wood species as Scots pine sapwood (see the results of run 26
and run 27).

• All the numbers 11 and 12 of each series have not been impregnated with UZA and
were only heat treated in the RSO. In under these conditions a clear uptake of RSO by
the wood during the heating phase is observed. In a number of instances this uptake of
only RSO is higher than the total uptake of the corresponding samples which have
impregnated with UZA. The lower viscosity of the RSO compared to UZA can explain
this higher uptake.

• In a three steps process (run 23) the wood has absorbed a substantial amount of RSO
already during the dewatering phase. Comparing the two and three step processes (run
22 and 23), the total WPG after treatment is almost equal. However evaluating the
results of the weighing of the samples in different phases of the treatment, shows that
this WPG after a three steps treatment contains relatively more RSO.

Conclusions

Introducing a two or three step process as an alternative for the earlier developed one step
treatment of wood in UZA leads to higher “loss” of UZA during the treatment. This loss of
UZA is caused by the migration of impregnated UZA to the bulk of RSO during the heating
phase. Applying a pre-pressure prior to the impregnation step can reduce the loss UZA
during the treatment.
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Performing the heating phase of the treatment in RSO leads to a substantial uptake of RSO
by the wood in the heating phase. 

Performing a third step, being dewatering in RSO leads to higher uptake of RSO by the
wood during the complete treatment, leading to a relative lower uptake of UZA by the
wood.

Also in the case of good to impregnate wood species, the dimensions of the wood have a
large influence of the uptake (WPG) of UZA by the wood during the treatment.

Birch darkens to high extend as a result of the heat treatment reactive vegetable oil.
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Work Package 5: Evaluation of properties, in service testing and demonstration (large
scale)

Task 1: Testing

Activities in this task just have been started, by the production runs performed at the pilot
plant installation at Foreco. Large scale treated wood samples are produced and used for
evaluation by the other industrial partners and through testing program set-up by the BRE.

Work Package 6: Benchmarking, best practice guidance and dissemination

Task 1: benchmarking

no involvement in this task

Task 2: Best practice guidance

no involvement in this task
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Task 3: Dissemination and customer perception

Article made for presentation on symposioum on Woodmodification

Process development of treatment of wood
with modified hot oil

B.F.Tjeerdsma1, P. Swager2, B.J. Horstman2, B. W. Holleboom1, W.J. Homan1

1. SHR Timber Research, P.O. Box 497, 6700 AL Wageningen, Netherlands

2. Foreco Dalfsen B.V., P.O. Box 73, 7720 AB Dalfsen, Netherlands

Keywords:  Oil Heat Treatment, Linseed oil (LSO), Rape seed oil (RSO), modified linseed oil
(UZA)

ABSTRACT

Joint efforts of industry and research institutes have resulted in the development of an
improved thermal treatment with reactive vegetable oils. This work has led to the
development and implementation of modified hot-oil for use in the modification of wood at
pilot-scale production stage. In this treatment the modified oil combines the traditional
thermal treatment of wood with chemical modification. Wood with altered properties
resulting from both types of treatment is produced by this novel process. Oil heat
treatments, using rape seed oil (RSO), linseed oil (LSO) and a modified linseed oil (UZA)
were applied on Spruce and Scots pine and weight percentage gain (WPG), resistance
against fungal attack, colour changes and changes in mechanical properties (MOR and
MOE) were examined. The treatment in reactive linseed oil showed superior properties
compared to a plain heat treatment (in RSO), except for the changes in colour. The
resistances against fungal attack was improved to a high extend, where the reduction of the
mechanical properties was only minor.

INTRODUCTION

The work in this project has been performed within the framework of a European Craft
project called Ecotan (QLK5-CT2002-72467). The project aims at developing a process
which can be implemented in practice at a commercially feasible scale and that makes wood
more durable by combining reactive oils with thermal modification. The objective is to
produce environmentally friendly, high value, durable wood products to compete with high
value timber currently imported to the European Union. This will be achieved by using
reactive oils derived from natural vegetable oils to protect wood used in targeted high value
outdoor applications including gates, cladding, joinery, garden furniture, and high quality
fencing. The process research aims to obtain the best results concerning durability of the
product, strength of the product, cleanliness of the surface with respect to further
processing, aesthetics, and curing of the oils at the surface. All these factors had to be
investigated under the condition that the process remains economically feasible. 
In this paper results of the first evaluation of material properties and performances of treated
material will be presented. Some of the important development steps that have led to the
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building of a pilot-plant and treatment of wood at pilot plant scale will be described.
Different stages and aspects of the treatment process will be elucidated.

EXPERIMENTAL

1. Synthesis of the modified (maleinised) linseed oil

An excellent way of modifying wood in such a way that hydrophobic moieties are attached
to the structural elements comprising the wood itself is the use of maleinised fatty acids and
their derivatives (Dekker, 2002). As the hydroxyl groups in the wood react relatively
quickly with the anhydride groups of the resin, the wood modifying agent is rapidly fixed
within the wood so that moisture absorption and thus wood rot is prevented.
Preferably the resin is an oxidatively drying resin so that good network formation takes
place and as a result a closed film is obtained. The term oxidatively drying resin is well
known from alkyd chemistry. Proviso for a good drying ability is not taking away all double
bonds when performing the modification. When the ratio of fatty acid to maleic anhydride is
kept at or above 1:1 this is automatically taken care of, as is described in a paper by Woo
and Evans (1977) which described the process of maleinization.

In a first step, maleic anhydride adds to an isolated double bond in the possession of allylic
hydrogens, thereby shifting the double bond into isomerization. This process is known as
the “ene-reaction”:

1, Linseed oil                              2, Monoadduct

R=the remainder of the linseed oil, being in effect a diglyceride

Now conjugation is at place, the system is very susceptible to a Diels Alder cyclo-addition.
“Ene”-reactions are known to take place at temperatures above 200 °C, whereas Diels-Alder
reactions proceed at much lower temperatures, at about 100 °C. So, as soon as the first
maleic anhydride is added to the fatty acid moiety, the second one proceeds very rapidly:                              

O
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2                                           3,  Di-adduct

The di-adduct so obtained is not stable at the temperature of maleinization. Carbon dioxide
is split off via an unknown mechanism. The mechanism postulated by Woo and Evans,
yielding a spirodilactone
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y likely since the spiro-carbon could not be found back in 13C NMR at approx
evertheless it should be kept in mind that this decarboxylation occurs and hence
e content can be substantially lower than calculated. 

ion of di-adduct automatically implies that when fatty acid and maleic anhydride
a one to one ratio, this will result in the formation of this di-adduct next to the
nt of unmodified fatty acids. Which is very convenient since we need that
 fatty acid for adequate drying properties. In view of its low unsaturation it can
pected that 3 will exhibit proper drying performance.

ess development 

tment of wood with the modified linseed oil (UZA) in the process 4 phases have
uished: Impregnation, Dewatering, Heating and Post treatment. The order of the
ases can change and some phases can be merged into one phase. A flow chart of
is shown in figure 1
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and water from the wood, the impregnation in the first step can be applied under mild
conditions (app. 60 °C). A pre-impregnation step under mild conditions also will open the
opportunity of adding additives to the UZA. Impregnation also can be integrated in the
heating phase. During a specified period pressure can be applied on the oil and wood, after
dewatering during the heating up in UZA. Advantage of impregnation during the heating
phase  is that the viscosity of the oil will be much lower at these high temperatures and the
wood structure will be more open for penetration. 

Dewatering
In this phase the water will be evaporated from the wood. This could be done before or after
impregnation with UZA. Foam formation of the oil is the biggest problem of this phase.
Foaming is the most profound in UZA and less in LSO and even lesser in RSO.

Heating 

The heating phase is always after the dewatering. Normally no (extra) pressure is applied
during the heating phase. Only when treating in UZA the impregnation is integrated in the
heating phase. The standard heating in this set-up has been fixed on 200 °C during 3 hours.

Post Treatment

A post treatment can be applied in
order to have a better surface
cleanness/performance of the wood
after treatment. This mainly will be
applied when the heating has been
performed in UZA. Hot air, LSO or
RSO can be used to prevent a sticky
surface of UZA on the treated wood.
Also vacuum and pressure can be
applied to remove residual UZA out of
or from the surface of the wood.

Figure 1: Flow chart of the process  

3. Design of a pilot plant installation
The above-described process has been developed at lab and semi pilot scale at SHR. Foreco
Dalfsen in the Netherlands has performed the scaling up to a full operating pilot plant
including a 900-litre reactor. A schematic drawing of the pilot plant is shown in figure 2.

The numbers correspond with the following parts of the installation:

1. Measure and pressure vessel

2. Mirror vessel

3. Impregnation and reaction vessel

4. Electrical heat exchanger

5. Electrical pump

Impregnation vacuüm
pressure techniques

wood

Removal of rest water at
> 100  °C

curing oil

reactive oil

Reaction of reactive oil
with wood at approx.

 200  °C

Removal oil from the surface

and oxidative polymerisation

“Treated” wood

water
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6. Storage vessel 1 (oil type 1; UZA)

7. Storage vessel 2 (oil type 2; linseed or rape seed, etc.)

8. Oil storage 

 

Figure 2: Schematic drawing of the pilot plant

The storage tanks (6 and 7) are designed with an internal heating system, which allows
preheating of the oil. The oil can be circulated in small and bigger loops. When the storage
vessels are in the loop these vessels can used to evaporate the water from the oil. The water
has been cooked out of the wood in the impregnation and reaction vessel (3) and transported
with the oil to the storage vessels.
Vessel 2 can be used for temporary
storage of the heated oil, when the
reaction vessel is emptied and reloaded
with a new batch of wood to be treated.
Vessel 1 can be used to put pressure on
the reaction vessel. The reaction vessel
can additional be heated by steam, by a
jacked heating system in the double
vessel wall. Vacuum can be applied in
vessel 1, 2 and 3. Pressure can be
applied by both air-pressure and
nitrogen pressure.

Figure 3: Pictures of the pilot plant; right wood before (top) and after (down) treatment

Evaluation of material properties
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The main objective of this study was to gather information about the property changes of
wood by application of oil-heat treatments using three different oils. The effect of
temperature and the effect of the use of pressure during the treatment-process was
examined. Wood samples of different sizes were treated using the MP-2 treatment
installation (25 litres) at SHR and changes in durability, MOE/MOR, colour and dimensions
as a result of the treatments were analysed. 

4.1 Material and Methods

Oils
Refined rape seed oil (RSO), refined linseed oil (LSO) and a modified linseed oil (UZA)
were used for the wood treatment in the MP-2. In comparison LSO hardens/oxidises faster
than UZA but UZA still has good autoxidative properties and can harden without
modification or addition of siccatives. RSO is a non-oxidising / hardening oil. The oxidation
attitude as well as the viscosity of an oil are of great importance for the cleanliness and/or
the quality of the wood surface after the treatment.  

Treatment process 

The wood (conditioned at 20 °C/65%RH) was placed in a heatable 25 litre reactor vessel.
The oils were preheated in an external vessel to approx. 150 °C and pumped to reactor
vessel. After transfer of the oil, water was cooked out of the wood, using an expansion
vessel for picking up water and/or steam from the reactor vessel, while the oil was heated up
to 180 °C and/or 200 °C (dewatering phase). After dewatering, applied temperature was
kept for in total three hours (heating phase). Afterwards the oil was drained to the external
vessel and water cooling of the reactor vessel started. At approx. 120 °C the reactor vessel
was opened and the wood samples were cooled down to room temperature. Table 1 gives an
overview of the batches and the treatment parameters.

Table 1: Oils and treatment parameters of the carried out batches in the MP-2
Batch

No.
Impregn.

oil
Heating

Oil 
Temp.

3)

[°C]

S1 - RSO 200

S1a - RSO 220

S2 - LSO 200

S3 UZA UZA 180

S4 UZA UZA 200

S5 UZA UZA2) 200

S6 - RSO 220

S7 UZA RSO 180

S8 UZA RSO 200
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S9 UZA RSO 220

S10 UZA LSO 200

S11 UZA 1) 200

S12 UZA 1) 180

1) heating performed in an oven 

2) applied pressure during heating 9 bar during 1 hour

3) treatment time on treatment temperature in all batches 3 hours

Tests and test specimens

Specimens of Norway spruce and Scots pine have been treated under the conditions
mentioned in table 1. Untreated specimens (for each mentioned size) have been used as a
reference. Samples were conditioned before treatment at 20 °C and 65% relative humidity to
approx. 12% wood moisture content. The testing methods are described in the following.
Oil retention (Weight percent gain)

The weight percent gain (WPG) caused by uptake of oil during the treatment was
determined for all specimen by following equation:

m0 = mass of the ovendried specimen before treatment

m1 = mass of the ovendried specimen after treatment

The initial oven dried mass of the specimen was either determined (by oven drying and
weighing) or calculated drying reference samples of respective sizes. 

Durability testing 

The decay resistance against softrot and bacteria was tested in a soil block test according to
pr-ENV 807, using standardised “John Innes” soil as medium. The weight loss of the wood
samples (5 mm x 10 mm x 100 mm) was measured after periods of , 8, 16, 24 and 36 weeks
of soil contact. Beech (Fagus sylvatica) and Scotch pine sapwood (Pinus sylvestris) were
used as reference material. The natural durability of heat-treated and non-treated wood to
Basidiomycetes (Poria placenta and Coriolus versicolor) was tested in an accelerated test
based on EN 113. The weight loss of the wood samples (5 mm X 10 mm X 30 mm) was
measured after 6 weeks incubation time in the so-called miniblock biotest.

Colorimetric analysis 

Changes in colour caused by treatment were examined in two steps. Firstly digital scannings
were taken for a visual assessment and secondly a colorimetric analysis was performed. The
specimen (150 x 70 x 20 mm) were scanned at three different positions of their radial (top)

m0 – m1
WPG  =

mo
x 100 [%]                                      (1)
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surface. The scanner applies a flash on a specific position of the specimens surface and
measures the reflected brightness and the wavelength of the reflected light. This data is
digitalized and expressed as three parameters that give a position in a colour space system,
these parameters were L* (indicates lightness), a* and b* (indicating the chromaticity co-
ordinates). This L*a*b* colour space is one of the most frequently used methods for
measuring object colour. 

 Strength  properties

The MOR and the static MOE was determined after the treatment and compared to
untreated samples. Samples were conditioned at 20 °C and 65% relative humidity. The
measurements were carried out on testing equipment type Zwick 010. The static MOE was
determined in a destructive 4-point bending test for specimens with sizes 500 x 20 x 20 mm,
according to EN 408 respectively.

RESULTS AND DISCUSSION

Weight Percent Gain (WPG)
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Figure 4: Weight percent gain as a result of the oil-heat treatments. Specimen with
dimensions: 500 x 20 x 20 mm (a) and 150 x 70 x 20 mm (b)

Figure 4 shows the WPG caused by the treatment of five applied batches. The results show
that application of the oil-heat treatments increases the mass of the specimens, since the
extent in which the mass is increased depends on the dimensions and wood species. 

The WPG derived from both specimen shapes are corresponding, since the values are higher
in Fig. 4b (150 x 70 x 20 mm). RSO (16.8% / 27%) leads to slightly higher WPG than LSO
(10.2% / 16.9%) and the UZA applications without pressure UZA 200 (12.8% / 19.2%) and
UZA 180 (11.7% / 18.8%). This may be related to the lower viscosity of the RSO.
Furthermore no influence of temperature (UZA 200 / UZA 180) on uptake of oil can be
established. With applied pressure (9 bar) during the process (UZA 200 + pressure), WPG
gets approx. 2.5 times increased compared to application without pressure (UZA 200). High
standard deviations for the batch where pressure is applied (particularly Fig 4a) are caused
by the presence of heartwood next to sapwood in the wood samples. Caused by the big
differences in oil uptake of the heart wood and sapwood samples, the standard deviations
are increasing with applying pressure. 

A loss of wood substance that usually occurs with heat treatments (Sailer and Rapp, 2000;
Syrjänen and Kangas, 2000) could not be observed because of the uptake of oil during the
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process. The extent in which wood components have been affected is unknown. According
to earlier researches by Buro (1954), Sandermann and Augustin (1963), Kollmann and
Fengel (1965) and Sailer et al. (2000), it can be suggested that the extent of mass loss is
negligible, since under absence of oxygen oxidation reactions are missing.

Durability

Figure5: Results of durability testing of treated Scots pine: (L)
results miniblock test, (R) results ENV 807 test. 

From the results (fig. 5) it can be seen that the oil treatment improves the resistance against
brown rot (R) and softrot (L) to a high extend. This is shown by the low weight losses of the
treated samples compared to the untreated reference samples. The same results are found for
the white rot testing and for testing of the other treated wood specie (a.o. Spruce). Another
clear observation is the difference between the (plain) heat treatment in RSO (S1 and S2)
compared to the treatment in the reactive linseed oil (UZA). This indicates the extra effect
on improving the durability in the reactive oil treatment compared to a “plain” heat
treatment. With respect to evaluation of the effect of treatment conditions on the results of
the durability, the result of the ENV 807 testing are more suitable since these results are
more pronounced. Regarding the results of the ENV 807 a clear temperature effect can be
seen, were the 180 °C treatments show minor effect compared to the higher temperature
treatments. More results of the durability testing of this treatment will published in
proceeding publications.

Colour and colorimetric analysis

The classification of colour and aesthetic aspects of wood products or in this case of treated
wood samples is subjective. An objective rating is difficult as personal opinions are
differing with respect to colours. Therefore results are shown without judging the aesthetics
of treated samples. Colours were classified in comparison to the colour of untreated spruce
instead and relative changes to untreated spruce reference samples were assessed by
application of a colorimetric analysis. Best rating in this case is reached for the treatment
that causes the smallest colour change. 

ENV 807
mass loss after 36 weeks 
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Oil-, temperature and pressure effect

Visibly, no difference in colour
between RSO and LSO application can
be observed. The darkening of the
wood is clearly dependent on the
temperature and the amount of oil
uptake. Figure 6 shows a diagram in
which colour co-ordinates can be
determined and visualised. The
positions of the measured samples
show, how the colours were affected by
the treatments. The L* a* b*- values
were used to determine the position of
each treatment in the chromaticity
diagram. 

Figure 6: Positions of  samples in   the a*, b* chromaticity diagram (Minolta©)

As can be seen treatments changed colour in red and yellow directions (results in brown).
UZA 180 samples changed clearly more to yellow than to red. This and the reduced
darkening are clearly related to the lower temperature. 

The visible impressions derived by optical
assessment of the colour are found to be
analogous to the colours expressed by the
colorimetric values. Values of RSO and
LSO are nearly the same and so are the
positions in the diagram. The brightness
(L*) is reduced by all treatments. The most
by UZA 200 + pressure, the least by UZA
180. 

Figure 7: Changes of L* a* b* values caused by treatments compared to reference.

The changes compared to reference are clearer when presented by relative changes. Figure 7
shows, that brightness is reduced up to 50% (UZA 200 + pressure). The greatest change to
red is caused by UZA 180 (341%) and the greatest in yellow direction by UZA 180 (93%).
The smallest changes are caused by RSO and LSO, L*-35%, a* + 225%, b* +39%. Only
brightness  (L*) is reduced by UZA 180 less than by RSO and LSO.
Elasto-mechanical changes

Oil effect (RSO 200, LSO 200, UZA 200) 
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Changes in modulus of elasticity after oil-heat treatment are clearly dependent on type of oil
as MOE is reduced after application of RSO (-18,2%) and LSO (-8,8%), but increased in
case of the UZA 200 (7.7%). The most important trend that is clearly recognisable is a
growing reduction of MOE by use of RSO. The outcomes concerning LSO correspond to
earlier studies by Sailer et al. (2000) who found slight reductions in MOE of treated spruce
and pine, using refined linseed oil. Others reported a slight enhancement of MOE after oil-
bath applications, using temperatures from 180 °C to 220 °C (Leithoff and Peek, 2001). The
enormous decrease of MOE using
RSO may be related to the non-
oxidising attitude of this oil. In general
high standard deviations were
observed in this study making a clear
interpretation of the results difficult. In
this context the problem of high
variations in strength measurements is
known and often reported (Sailer et al.,
2000; Syrjänen and Kangas, 2000;
Leithoff and Peek, 2001). 

Figure 8: Static MOE- and MOR-change as a result of the treatments.

The modulus of rupture (MOR) was decreased by application of oil-heat treatments. LSO
200 and UZA 200 caused a reduction of approx. 12%. RSO 200 caused the MOR to
decrease more than twice as much, approx. 27%. Again, it can be suggested that this
difference is due to the missing oxidisation of RSO. Generally it is well known that heat
treatments lead to a decreasing strength of wood, since this is highly dependent on type of
treatment. Losses in strength up to 50% or more by dry heat applications (oxygen) are
reported (Seborg et al. 1953; Davids and
Thompson 1964; Giebeler 1983). In a later
study by Militz and Tjeerdsma (1998)
MOR of heat-treated Scots pine was found
to be reduced by 20% only, using a two
step treatment. However, strength losses as
a result of the used treatments are
undesired but cannot be prevented totally.
Using UZA and LSO, strength loss can be
minimised to in this set-up maximum
average of 12%. 

Figure 9: Static MOE- and MOR-change as a result of the treatments.

Temperature and pressure effect (UZA 200, UZA 180, UZA 200+pressure) 

A trend can be observed that with applying 180°C using UZA, MOR-loss can be reduced
compared to an application of 200 °C (Figure 9). Both, MOE as well as MOR seem to be
little affected by UZA 180 treatment. Earlier reports by Tjeerdsma and Militz (1998), Sailer
et al. (2000), Syrjänen and Kangas (2000), Leithoff and Peek (2001) and Yildiz et al. (2002)
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found that elasticity and strength of various wood species were slightly decreased with
increased temperature, what is more or less corresponding to the outcomes of this study. An
application of pressure during the heating phase of the process, does obviously not influence
the changes in strength and elasticity. Only negligible differences between UZA 200 with
and without pressure can be observed.

CONCLUSIONS

Joint efforts of industry and research institutes have resulted in the development of an
improved thermal treatment with reactive vegetable oils. This work has led to the
development and implementation of modified hot-oil for use in the modification of wood at
pilot-scale production stage. In this treatment the modified oil combines the traditional
thermal treatment of wood with chemical modification. Wood with altered properties
resulting from both types of treatment is produced by this novel process. 

Oil effect (RSO, LSO, UZA)

The results showed that colour and elasto-mechanical properties were affected by the
applied oil-heat treatments and that the extent of changes is depending on type of oil used
during the process. Colour was affected by UZA in a greater extent than by RSO and LSO.
In particular the brightness was reduced more using UZA. Treatment with RSO and LSO
resulted in the same colour and the same L* a* b*- values. 

The difference between the (plain) heat treatment in RSO compared to the treatment in the
reactive linseed oil (UZA), indicates the extra effect on improving the durability in the
reactive oil treatment compared to a “plain” heat treatment.

A serious disadvantage of RSO was the enormously decreased MOR. Treatment with RSO
resulted in a MOR-loss of 26.7%. The effect of LSO treatment (13.2%) and especially of
UZA treatment (11.7%) in this context was half compared to the RSO treatment. Analogous
results have been observed for MOE-reduction caused by the treatments. 

Temperature and pressure effect (UZA)

By applying 180 °C instead of 200 °C during the process using UZA, changes in, colour and
decrease in elasto-mechanical properties can be considerably reduced. The outcomes of
colorimetric analysis showed that losses in brightness can be halved when 180 °C is applied,
and finally MOR-loss was substantial higher using UZA 200 °C (11.7%) compared to
treatment in UZA 180 °C (2.0%). With respect to the durability a clear temperature effect
can be seen, were the 180°C treatments show minor effect compared to the higher
temperature treatments. Pressure (9 bar) during the treatment process resulted in a higher
weight percent gain. Brightness of the colour was further reduced compared to UZA without
pressure. No effect was found on MOR/MOE- changes.
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Work package 7: Project administration

Task 1: Co-ordination and communication

Task 2: Communication and reporting

Task 3: Financial matters

Completed as the project proceeds

Task 4: Quality assurance

Completed as the project proceeds.
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3.7 B2 -  BRE- 

Scientific team:
The work will be jointly led by Mr. Ed Suttie and Dr. Richard Thompson both Senior Consultants.
They will be assisted by Dr Tony Bravery and technical support will be provided by Mr. Terry
Dealing and other Timber Centre staff.

• Dr. Richard Thompson is a Senior Consultant and jointly leads the Centre's work on wood
processing. He has a PhD on wood based panels and BEng in Materials Science (University of
Bath). Immediately prior to joining BRE he was Project Development Manager for SHR in the
Netherlands. At SHR he set-up and co-ordinated of the European Thematic Network for Wood
Modification (28 partners, 15 countries). He is a member of the Eurowood Research Working
Group and has represented the Netherlands on COST Committees for wood adhesives and
LCA. He worked for three years as a Research Scientist for CSIRO Forestry and Forest
Products in Melbourne, where he worked on exclusively value adding to Australian timbers.

Change compared to technical annex

Dr Richard Thompson has left BRE during this project. His place has been taken over By Dr.
Dennis Jones is a Senior Consultant. The previous project manager, Richard Thompson, left the
company in November 2003, and since then Dennis Jones has taken over the role of project
manager. Since February 2004, Dennis  has received additional assistance from Ed Suttie.

• Dr. Dennis Jones is a Senior Consultant and jointly leads the Centre's work on wood
modification. He has a PhD in organic chemistry, and is a member of IRG
(International Research Group on Wood Protection), WEI (Western European Institute
for Wood Preservation), and is a chartered chemist. Immediately prior to joining BRE
he was  a Project Manager for SHR in the Netherlands, including the co-ordination of
the European Thematic Network for Wood Modification (28 partners, 15 countries). He
has also worked for three years as an Associate Research Professor at the Danish
Technical University , one year as a Scientist at the Biocomposites Centre, Wales, and
three years as a post-doctoral research fellow at Bangor University.

• Mr Ed Suttie  is a Senior Consultant and leads the Centre's work on wood durability and
coatings. He has a BSc and MSc in Chemistry and has specialised in wood preservation and
durability for the past 7 years since joining BRE. He is has responsibility for long-term field
trials, analytical services, preservative treatment technology and general consultancy on the
durability of timber and preservation matters. He is a member of BSI Committee B/515/2,
B/515/3 and B/515. He is also a member of the BWPDA Technical and Environmental
Committees. He is a personal member of IRG-WP.

• Dr Tony Bravery is Technical Director. He has a PhD in Wood Science and a first degree in
Natural Sciences. His background spans more than 35 years in the biodeterioration of wood and
wood-based products. He has published more than 90 papers, reports and articles on the
durability performance of wood and wood-based construction products. He was previously
Director of BRE-CTTC. Tony has been a member of BSI Committee B/515 and Chairman of
BSI Committee B/515/4 for 15 years. As former Convenor of CEN/TC38/WG4 he was
personally responsible for the drafting of EN599-1 and -2. He is a former Leader of the UK
delegation to CEN/TC38 (1980-1996) and former President of the International Research Group
on Wood Preservation (IRG-WP).
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• Mr. Terry Dearling is a Consultant for Coatings and Wood Durability at BRE, CTTC. Has a
BSc degree in chemistry and over 25 years’ experience of working on protection of timber,
initially in the field of wood preservation and subsequently in the area of coatings. He is
involved in work on development of British and European standard test methods for paints and
wood stains, and serves on BSI Committee STI/28/-/5 “Undercoat and finishing paints”.

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives:
BRE is the UK’s leading construction and fire technology centre, providing research, consultancy
and information services to customers worldwide. BRE has some 680 professional research and
consulting staff. The Centre for Timber Technology and Construction (CTTC) is part of the
Construction Division at BRE. The CTTC brings together some 30 specialist scientific, technical and
administrative support staff as the focus of BRE’s activities in promoting and developing the
effective use of timber as an important and exceptionally versatile, renewable raw material. This
expertise ranges from wood based panels, biological durability, finishes, structural performance,
stress grading to all aspects concerned with wood technology including innovative composite
products, wood structure, processing, gluing and utilisation of solid wood. The main objectives of
BRE within the project are sustaining application and development of end products, based on
modified wood by SME’s in the UK. BRE will put emphasis on large scale in service testing and
dissemination knowledge and customer support

Workplan:
BRE will coördinate activities in WP 3. Together with UWB properties and performance of small
scale products will be determined. The results and experiences will be used to the large scale
properties and in service testing on large scale, performed in WP5.This will also include co-
ordination and interaction with the SME’s, who will produce the products. Feedback information of
the SME’s on production and handling will be evaluated. BRE will assist Charltons with the
dissemination. This will include construction of the website, development of data sheets and best
practice guidance and with organisation of the workshops.  

Deliverables:
BRE will be responsible for WP 3 and WP5 and deliverables D5,D8, D9, D10, D12, D13 and D14.
BRE will be contributor to deliverables: D1, D3,D4 and D11.
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3.7.1 Research activities of B2 – BRE., during the second year reporting period

Introduction

BRE have continued to support this project in order to achieve the goal of a commercial hot oil
treatment process, based at Foreco Dalfsen BV in The Netherlands. There have been process
complication reported from The Netherlands that have resulted in an extension being granted to this
project. These difficulties related to the transfer of the technology from laboratory scale to pilot scale
treatment. Many of these difficulties have now been addressed, and large scale treatment regimes are
now being undertaken.

In the meantime, BRE have maintained its role in assessing material supplied by the Dutch partners,
so that a comprehensive overview of properties can be determined. These will be reported in the next
section.

The remaining several months will see the demonstration work as the key topic, in order to gain client interest,
and help establish the hot oil process as commercially feasible. 

Results and Discussion

The results carried out in the last period that follow have been split into the various work packages
as listed within the Technical Annex.

Work Package 1 – Timber selection and screening

The majority of work within this section was carried out earlier in the project, and thus BRE’s work
in this work package has been limited, but is summarised below:

Timber preparation / sorting
BRE has continued to maintain contact with UK partners regarding timber quality for treatment by
SHR (laboratory scale) and Foreco (pilot scale). It was agreed that the timber supply should
represent current manufacturing policies for these companies, so that the treated material could be
seen as an enhancement of their current product range.

The concept of finger jointing material is one that is still being evaluated, with a large batch of
samples to be sent to The Netherlands in the near future for testing. This will allow a more
quantitative assessment of the potential of defect cutting material prior to hot oil treatment.

Screening (Beech and Corsican Pine)
No direct input into this task. Assessments have been carried out by other partners.

Effect of moisture content
Discussions during the time frame of this project have led to an agreement that the timber to be
treated in the first instance (at pilot scale) should have a moisture content lower than 18%. This is
due to the excessive foaming noted in the laboratory experiments. This would prove extremely
difficult to control at pilot scale level. However once successful treatments have been carried out, it
may be possible to attempt to further modify the process in order to treat ‘green’ timber.
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Work package 2 – Lab scale process optimisation and preparation of test material

The majority of this task was completed within the first year of the project. Any further activities are
listed below.

Stability of the Oil
BRE has been in discussion with SHR and Bangor University regarding alternative processing
conditions to assist the long-term stability of the oil. It was pointed out that continued exposure of
the reactive oil to elevated temperatures (and air) led to increased viscosities as the oil began its
polymerisation process. This would eventually lead to the oil completely polymerising within the
reaction vessel. Work by SHR has shown that it is possible to carry out a relatively low temperature
impregnation with the reactive oil, which can then be polymerised through heating at the required
temperature in a non-reactive oil such as linseed oil.

Impregnation

There have been several meetings between SHR, Bangor University and BRE, to attempt to finalise
the impregnation process. As reported in 2.2.1, it would appear that an effective treatment regime
has now been developed by SHR.

Curing
BRE has not been involved directly in this task, though possible catalysts to assist the curing stage
were considered and reported back to SHR. However, cost implications and safety factors suggested
that these were not realistic alternatives.

Finger Jointing
BRE has prepared material (small and medium scale dimensions), which will be sent to The
Netherlands soon. It is expected these will confirm the promising results noted in earlier trials in
year 1. Discussion has yet to be undertaken with other partners over the potential of glulam products.
This will be carried out shortly, and if necessary these samples will be forwarded for treatment.

Economic feasibility

BRE are not considering this aspect. However, we will raise any relevant issues relating to the
pricing of competitive treatments, should they be required.

Work Package 3 – Evaluation of properties and performance (Small scale)

During year 2, this has again been the work package where BRE has carried out the majority of its
work. Much of the work that has been carried out has been on specific batch treatments, the two
main ones of these being:

Batch ET014:

Wood species:  Spruce

Oil type: linseed oil

pre-vacuum: no
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pressure: no

temp : 200 °C

time (at temp):  180 min

post pressure (air): 8-9 Bar;30 min during cooling down

Batch ET015:

Wood species:  Spruce

Oil type: linseed oil

pre-vacuum: -0,9 bar; 30 minutes

pressure: 8-9 bar; 30 min (at 200 °C)

temp : 200 °C

time (at temp):  180 min

post pressure (air): 8-9 Bar;30 min during cooling down

The various sections are outlined below:

Determination of properties / performance and test method development

A range of tests have been carried out, and are summarised below:

Natural durability of oil treated timber

One of the easiest ways to determine the effectiveness of a given treatment is through an interpretation of
changes in biological stability. The durability of a timber species is dependent upon the constituents present,
and how easily they may be processed by attacking organisms. The idea behind modifying wood is to alter the
constituents of the substrate so that they are no longer attacked by these biological systems. The actual
mechanism of attack is not fully understood, with several interpretations still offered within the scientific
community.  The two most popular ways for describing improvements in a timber’s durability are:

• Chemical changes in the substrate prevent the pre-digestive enzymes of attacking organisms binding to
traditional sites. This in effect means that the attacking organism no longer recognises the substrate.

• There is such a reduction in moisture content present that it is too dry for attacking organisms to initiate
decay. One of the key factors in biological decay is high moisture content. These may be blocked by the
hydrophobization of the modified timber.

Traditional methods of assessing biological durability were established for assessing the effectiveness of
preservative treatments. Due to wood modification being a relatively new concept, there are no ‘specific’
methods for evaluating the effectiveness of the treatment. However, ways of using preservative based
standards have been devised to interpret the effectiveness of wood modification processes. The recognised
method for this is based on BS EN350-1 (“Durability of wood and wood-based products. Natural durability of
solid wood”), though recent developments have led to a recommendation for a new assessment in working
document CEN/TC38/WG23 N34 (“Durability of wood and wood-based products – Test methods for
determining the natural durability of solid wood against wood-destroying fungi. Part 1: Basidiomycetes”).
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These methods use recognised test procedures for predicting the effectiveness of treatment, namely EN113
(laboratory evaluation against a single basidiomycetes fungal strain) and ENV807 (laboratory based soil bed
test against a range of fungi). Commonly these tests are left to run for a period of 16 weeks, though in the case
of ENV807, tests can run for up to 40 weeks. The EN113 tests carried out were against Coniophora puteana
(Figure 1a), Poria placenta (Figure 1b)

Figure 1 (a) Coniophora puteana (b) Poria placenta

Tests were carried out using samples as obtained from the treatment vessel (hereafter referred to as unsanded),
as well as on blocks that had the polymerised coating removed (sanded).  Experiments were carried out to
determine the level of improvement in the durability of the treated timber according to EN113 / N34, for
sanded and unsanded material. In all cases, Norwegian spruce was evaluated. In addition to batches 14 and 15
referred to earlier, work was also carried out on batches 12 and 13. The treatment regime for these was
described within the year 1 report.

Document N34 uses a direct mass loss compared to a ratio based on treated and untreated material. Table 1
shows the ranges of mass losses relating to the various durability classes.

Durability Class Description Median % Loss in Mass

1 Very durable ≤ 5

2 Durable >5 to ≤ 10

3 Moderately durable >10 to ≤ 15

4 Slightly durable >15 to ≤ 30

5 Not durable >30

Table 1: Summary of durability classifications according to CEN TC38/WG23 N34.

Document N34 aims to provide a means for assessing durability classes of modified wood as if assessing ‘new
timber species’. The currently accepted method for assessing natural durability is EN350-1, though this
depends on the use of test methods specific for preservative treated timber (EN113 and ENV807 respectively).  

EN350-1 uses a slightly different assessment method compared to Document N34. Whereas N34 considers the
actual mass losses for EN113-type materials, EN350-1 assesses the natural durability in terms of the mass loss
ratio between treated material and Scots pine control samples (referred to as mass loss ratio x). This value x
may be defined as:
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x     =  average corrected mass loss of test specimens

   average mass loss of reference specimens

 

Values of x relating to specific durability classes are listed in Table 2.

Durability Class Description Value x

1 Very durable ≤ 0.15

2 Durable >0.15 but ≤0.30

3 Moderately durable >0.30 but ≤ 0.60

4 Slightly durable >0.60 but ≤ 0.90

5 Not durable >0.90

Table 2: Overview of durability classes as listed within EN350-1

Results from the durability studies for Treatments 12-15 are shown in Table 3.

Treatment % Weight loss C. Puteana % Weight loss P. Placenta

Ecotan 12 sanded 0 3.41

Ecotan 12 Unsanded 0 0

Ecotan 13 Sanded 0.49 1.04

Ecotan 13 Unsanded 0.07 0.25

Ecotan 14 Sanded 5.41 5.14

Ecotan 14 Unsanded 6.52 4.59

Ecotan 15 Sanded 4.90 4.67

Ecotan 15 Unsanded 4.79 3.95

Spruce controls 34.70 22.76

Pine controls 34.84 23.73

Table 3: Summary of durability studies of treated samples against C.puteana and P.placenta.

Based on these results, it is possible to determine the respective durability classifications for both the working
document N34 and EN350-1, and this is shown in Table 4.
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Treatment Durability rating N34 Durability rating EN350-1

Ecotan 12 sanded 1 1

Ecotan 12 Unsanded 1 1

Ecotan 13 Sanded 1 1

Ecotan 13 Unsanded 1 1

Ecotan 14 Sanded 2 2

Ecotan 14 Unsanded 2 2

Ecotan 15 Sanded 1 2

Ecotan 15 Unsanded 1 2

Spruce controls 5 5

Pine controls 5 5

Table 4: durability classifications for treated samples

These results show that good durability could be achieved both with sanded and unsanded samples. There was
a slight decrease in the level of protection afforded with the sanded samples, but this would be explained by
the removal of the protective polymer coating produced by the reacted oil. Its removal provides a more
realistic view of the effect of the oil treatment on the interior of the blocks. 

These results also confirm the results gained in the early stages of the project, where TG3 TG4 were found to
give high levels of protection against the same fungal strains as in this study. 

In addition to experiments to determine the natural durability, work was also carried out using ENV807 test
standard. ENV807 (“Wood preservatives – determination of the effectiveness against soft rotting micro-fungi
and other soil inhabiting micro-organisms”) is a laboratory version of an outdoor field test (EN252). The
method is an alternative to single culture testing whereby wood samples are planted into an inoculated soil
bed. The aim of this is to provide conditions similar to those found in long-term outdoor exposure tests in
ground contact. This test (ENV807) is carried out between 8 and 32 weeks in duration, and aims to provide an
estimate on the effectiveness of a preservative.  EN350-1 suggests that currently it is not possible to give any
guidance as to the natural durability of modified timber based on an ENV807 test. Work on new standards by
CEN TC38/WG23 has suggested applying methodologies developed within EN350-1 for interpreting data
from ENV807 tests, which would include assessing mechanical properties for softwood species. However,
direct mass losses will be used in this evaluation, as the treatments used for the supplied timber have not been
optimised.
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The samples used in this experiment are of dimension 100x10x5 mm. Samples of treated wood were planted
(both sanded and unsanded), along with untreated wood and Scots pine reference material in a randomised

pattern in soil tanks as shown in Figure 2. 

Figure 2: Example of an ENV807 experimental set-up.

Results from the ENV807 test for the sanded samples are shown in Table 5.

Timber Treatments - Losses in mass after 32 weeks exposure Control

Ecotan 12
sanded

Ecotan 13
sanded

Ecotan 14
sanded

Ecotan 15
sanded

Spruce

3.3 2.9 8.3 7.6 29.3

2.9 1.1 9.4 9.9 26.8

3.9 2.5 7.6 8.8 24.0

1.7 3.1 8.5 8.0 28.4

2.6 3.4 8.9 7.5 25.1

0.8 2.0 8.7 11.5 20.4

2.0 3.1 8.2 6.9 27.9

2.4 2.4 9.0 10.1 23.8

2.8 3.5 9.1 8.2 23.3

2.6 4.0 10.6 6.0 21.9

3.8 3.7 7.3 11.3 19.2

3.2 2.9 11.4 8.1 25.6

Mean 2.7 2.9 8.9 8.7 24.6

Median 2.6 2.9 8.6 8.1 23.9

Table 5 - Summary of Soil bed test data for sanded Ecotan blocks

In order to see if there was any difference in results, similar experiments were undertaken with the unsanded
blocks. These represented the condition of the samples as taken from the reactor. The results for this work is
given in Table 6.
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Timber Treatments - Losses in mass after 32 weeks exposure Control

Ecotan 12
unsanded

Ecotan 13
unsanded

Ecotan 14
unsanded

Ecotan 15
unsanded

Spruce

0.7 1.0 10.4 7.0 29.3

3.9 0.0 8.4 7.3 26.8

0.2 0.6 10.0 8.5 24.0

0.5 0.7 9.3 6.0 28.4

0.4 1.5 9.4 7.0 25.1

1.1 1.1 8.5 6.9 20.4

1.1 0.5 8.0 5.4 27.9

1.0 0.6 9.5 5.5 23.8

2.3 1.8 9.7 8.1 23.3

1.3 0.0 10.0 6.4 21.9

0.6 0.9 9.9 9.1 19.2

1.9 1.7 11.9 8.5 25.6

Mean 1.3 0.9 9.6 7.1 24.6

Median 0.9 0.8 9.5 7.0 23.9

Table 6 – Summary of ENV807 testing of unsanded blocks.

From Tables 5 and 6, it would appear that there is a slight benefit to the presence of the polymerised reactive
oil on the surface of the wood. However the difference between sanded and unsanded samples is negligible
compared to the dramatic improvements versus untreated material. 

Field testing
The most conventional method for assessing the inferred durability of a treatment is through its long term
effectiveness in field trials. This complies with the European Standard EN252 “Field test method for
determining the relative effectiveness of a wood preservative in ground contact”. As the title of this standard
indicates, this method (and nearly all other methods in assessing improved durability) relate to traditional
wood preservatives. The method involves planting stakes of size 500x50x25 mm to a depth of half their
length. Once installed, inspections are undertaken annually. Initial inspection is by striking one of the 50 mm
faces lightly with a mallet. This establishes if the exposure has reduced the strength sufficiently to cause
complete failure. If the sample survives this, it is then withdrawn form the soil and visually inspected for
evidence of decay (such as alterations in colour, form or texture and the presence of fungal formations). In
addition the hardness of the surface of the wood is tested using a blunt pointed instrument to probe the
surfaces. Once examined, the samples are replaced in the soil for the next period of testing.

An example of a typical test site is shown in Figure 3.
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Figure  3  - Example of an EN252 field test site.

EN252 refers to the use of Scots pine as the material to be tested. However within this work, Sitka spruce was
modified with the hot oil treatment. The samples were also slightly shorter than those indicated within the
standard (400 mm compared to the indicated 500 mm) due to the length of the reactor being used for the
treatments at that time. In order to gain a better indication of the effectiveness of the treatment, untreated Sitka
spruce was also planted and evaluated.

Table 7 explains the rating system used within EN252. By adding up all the ratings of all the stakes being
tested within a given batch, and then dividing the sum by the total number of stakes present, it is possible to
gain a notional average rating for each treatment under investigation. This value will be specific to a particular
test site, as each field test site has its own unique microflora and thus activity.
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Rating Classification Definition of condition

0 No attack No charge perceptible by the means at the disposal of the inspector in
the field

1 Slight attack Perceptible changes, but very limited in their intensity and their
position or distribution

- changes which only reveal themselves externally by a change in
colour or by very superficial degradation, softening of the wood being
the most common symptom, to an apparent depth of the order of 1
mm.

2 Moderate attack Clear changes to a moderate extent according to the apparent
symptoms:

- changes which reveal themselves by softening of the wood to a
depth of approximately 2-3 mm over all or part of the test piece from
the ground level zone and below.

3 Severe attack Severe changes:

-marked decay in the wood to a depth of 3-5 mm over a wide surface
(for example soft rot or other type of decay over all the surface of the
specimen at the ground line zone or below) or by softening to a
greater depth (10-15 mm) over a more limited area, e.g. white rot over
a few square millimetres). 

4 Failure Impact failure of the stake in the field.

Table 7 - summary of rating explanations within EN252.

Table 8 shows the results gained for untreated and hot-oil treated Sitka spruce after 16 months exposure at
BRE’s field site at Princes Risborough. Due to the material treated being from one of the early batch
treatments form the laboratory scale reactor, it was decided to produce enough samples for testing at a single
site. A more thorough investigation would require samples to be placed at two test sites.
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Untreated Sitka spruce Hot oil treated Sitka spruce

Stake no. Rating Stake no. Rating

1771 1 1781 0

1772 2 1782 1

1773 1 1783 0

1774 1 1784 0

1775 2 1785 0

1776 2 1786 1

1777 1 1787 0

1778 1 1788 2

1779 1

1780 1

average 1.3 average 0.5

 Table  8 - summary of 16 month inspection data for untreated and hot-oil treated Sitka spruce samples
according to EN252.

These results would appear to show that there is a considerable improvement in the resistance of the hot oil
treated samples to biological attack in the field. This would be expected through the combination of the
effectiveness of the treatment and the presence of a water barrier on the outside of the samples in the form of
the polymerised oil.  

Impact testing
The impact test is used as means of defining the effectiveness of a sample to a shock loading. It involves using
a 20 mm specimen which receives repeated blows from a hammer dropped from increasing heights. The
sample (300 mm in length) is supported over a length of 240 mm on chair supports radiused to 15 mm. The
size of the sample corresponds to the conventional span-depth ratio of 12:1.  The beam is located lengthwise
by spring loaded centering points, and spring restrained yokes rest on the top of the beam over the support
points to prevent bounce. The height from which the hammer is dropped is increased from an initial drop of
50.8 mm by increments of 25.4 mm until a height of 254 mm is reached, and thereafter by increments of 50.8
mm until complete failure occurs, or a deflection of 60 mm is reached. The weight of the hammer is 1.5 kg.

The maximum drop of the hammer indicates the resistance of a timber to a sudden applied load. This property
provides another measure of toughness and is related to ‘total work’ in static bending.Typically Norway
spruce (density 400 kg/m3 at 12% moisture content) would have a maximum drop of the hammer of 430 mm.
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The results obtained from this work is shown in Table

9

Code no. length width depth wgts drop increment drop height density
Controls (mm)

68 300 20.5 20 52.86 25 635 429.7561
76 300 20.1 20 65.74 33 838.2 545.1078
67 300 20.5 20 56.24 30 762 457.2358
69 300 20.65 20 67.77 22 558.8 546.9734
72 300 20 20.25 54.85 22 558.8 451.4403
62 300 20 20 59 15 381 491.6667
64 300 20 20.5 51.82 20 508 421.3008
75 300 20 20.5 66.27 30 762 538.7805

mean 625.475 485.2827
stdev 153.5672561 52.63943

14 set 
67 300 20.5 20.65 56.7 8 203.2 446.4655
75 300 20.75 19.5 56.7 24 609.6 467.0992
66 300 19.75 20.75 56.85 10 254 462.4066
68 300 19 19.5 53.37 8 203.2 480.1619
74 300 20.3 19.75 66.41 10 254 552.1398
61 300 20.35 20 57.67 7 177.8 472.3178
76 300 20.25 19.5 67.08 20 508 566.2551
73 300 20 19.75 64.9 10 254 547.6793

mean 307.975 499.3157
stdev 159.7447406 47.65862

15 set
60 300 19.75 20 85.84 7 177.8 724.3882
69 300 19.75 20 86.59 8 203.2 730.7173
63 300 20.75 19.5 64.4 11 279.4 530.5324
68 300 19.5 20.25 65.36 8 203.2 551.7358
76 300 19.75 19.5 76.91 23 584.2 665.6713
76 300 20.75 19.5 68.23 7 177.8 562.0842
74 300 20.25 19.75 90.33 9 228.6 752.8676
64 300 20.6 19.35 61.37 14 355.6 513.2

mean 276.225 628.8996
stdev 138.0825193 99.7756

Table 9 Impact testing of Norway spruce samples.

It can be seen from Table 9 that there is a significant reduction in the height from which the hammer could be
dropped from the untreated material to the treated samples. It would appear that there is approximately 50%
reduction in the capability of surviving a sudden impact.  However it is not possible to try and quantify this in
terms of larger scale samples (demonstration products etc). Should this be required, a much larger study would
have to be undertaken.

Mechanical Testing
In order to better understand the performance of the treated material, mechanical tests to determine the
modulus of elasticity (MOE) and modulus of rupture (MOR) were carried out on samples from experiments 14
and 15 respectively, with results compared against untreated material. The results are shown in Table 10. 
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Code Wtg (gms) b (mm) D (mm) load (N) l̂oad(N) ^Def (mm) Density(kg/m3) Strength (N/mm2) MoE (N/mm2)
Ref 61 60.3 20.11 21.13 1520 400 1.056 473.0 76.2 13476.9
Ref 63 45.62 19.47 20.19 1130 500 2.343 386.8 64.1 8989.3
Ref 65 49.82 20.21 19.86 1350 560 1.98 413.7 76.2 12059.3
Ref 66 51.75 20.6 20.21 1370 590 1.98 414.3 73.3 11828.4
Ref 70 67.35 20.14 20.64 1968 800 1.848 540.1 103.2 16500.7
Ref 71 55.53 20.74 20.1 1520 720 2.244 444.0 81.6 12859.3
Ref 73 65.5 20.11 20.77 1964 800 1.848 522.7 101.9 16217.0
Ref 74 64.77 20.81 20.25 1750 700 1.716 512.3 92.3 15934.5

MEAN 463.4 83.6 13483.2
STDEV 57.3 14.1 2616.9

14-62 55.88 19.98 20.34 1045 600 1.98 458.3 56.9 12165.8
14-63 46.59 19.82 19.8 980 445 2.64 395.7 56.8 7395.4
14-64 53.63 21.05 19.64 884 400 2.275 432.4 49.0 7442.3
14-65 51.12 19.7 19.83 1016 400 1.386 436.2 59.0 12681.4
14-69 63.65 19.86 20.7 1136 600 1.55 516.1 60.1 14833.1
14-70 65.61 20.34 20.01 1060 540 1.32 537.3 58.6 16944.6
14-71 55.91 20.84 19.72 1490 680 2.112 453.5 82.7 13598.8
14-72 53.78 20.67 19.71 1430 620 1.98 440.0 80.1 13354.6

MEAN 458.7 62.9 12302.0
STDEV 46.3 12.0 3351.0

15-61 72.35 19.86 20.81 940 600 1.848 583.5 49.2 12245.0
15-62 69.11 19.82 19.74 1040 580 1.98 588.8 60.6 12969.4
15-65 78.53 19.86 19.85 945 600 2.244 664.0 54.3 11619.1
15-66 91.08 20.04 19.92 975 480 1.584 760.5 55.2 12912.9
15-71 57.15 20.67 19.76 1512 608 1.914 648.1 84.3 13445.1
15-72 54.87 20.41 19.8 1520 600 1.947 452.6 85.5 13129.6
15-73 90.54 19.85 20.01 1250 1020 2.64 759.8 70.8 16398.3
15-75 92.83 20.8 19.65 1772 648 1.716 757.1 99.3 16151.4

MEAN 651.8 69.9 13608.8
STDEV 108.9 18.1 1740.9

Table 10 – Summary of mechanical testing data.

Given the degree of deviation in the mean results gathered, it would be unwise to try and  suggest a definite
trend. Whilst there may appear to be a trend to slightly lower MOE and MOR values following treatment,
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insufficient samples were tested to provide a definite answer. In order to ascertain this fully, it would be
necessary to test a much larger sample size, as well as ensuring samples were obtained from matched material.
This would represent too great a task within such a project.

Other tests

BRE has carried out initial testing within some of the following areas, whilst others are still under
consideration:

• Paint performance – samples have been prepared and are awaiting testing
• Machineability / hardness / abrasion / wear resistance – there appears to be little difference in the

machineabiity of treated samples compared to untreated equivalents. One factor that needs to be
considered is the necessity of profiling prior to treatment. Any major profiling carried out after
treatment increases the risk of material with lower levels of protection becoming exposed to
critical conditions, which in turn might lead to increased risk of decay etc. However this depends
on the level of treatment that has been afforded to such regions inside large timber samples. This
has not been tested to date within the project. Work has been carried out by partners to ascertain
the depth profiling of oil uptake, as well as attempting to discern between the oil impregnation
boundary and the onset of thermal treatment. Should the need arise to treat material then carry
out major profiling, it may be necessary to consider the improvements in durability of timber
form the interior of a larger dimensioned sample. Such major post-treatment profiling would
dramatically increase the overall cost of a product given the amount of treated material that
would be thrown away as ‘waste’. This is the reason why pre-treatment profiling is seen as the
preferred route to product manufacture. 

• Surface cleanliness – preliminary trials on the surface cleanliness of UZA treated wood with a
‘mini-clad’ system housed at BRE’s field test site at Garston suggests that after 20 months of
exposure, the oil treated samples are maintaining good performance, with only limited cracking
of the polymerised surface. There is a degree of greying of the underlying wood, due to the
bleaching effects of UV light. This is as expected, though the degree of bleaching is
considerably less that that noted for other modified timbers exposed for the same length of time.
The presence of the polymerised coating has also helped protect against the onset of mould,
which is prevalent on other samples, especially on the rear faces (out of direct sunlight). The
presence of the intact polymerised coating means that the surface may be wiped clean fairly
easily, so maintaining the gloss of the treatment.

• Insect tests – whilst this was seen as a possible method of testing in the early part of the
treatment programme, this is not seen as being important at present. However, there still exists
the option of undertaking this work should the need arise.

• Fire testing – the need for further fire testing of products, following on form initial results from
the first year report, has yet to be agreed upon. This will depend on the product range being
considered by the SME’s in the project. There may also exist the possibility of incorporating a
fire retardant into the oil treatment. However this falls outside the remit of the project, and
should only be considered once a working treatment method has been established and products
duly tested. Such fire retardant work could represent a new section of work following on from
this project. 

Work will also continue in many of the other areas already mentioned, as well as work being carried
out on additional timber species.

Industrial Evaluation
BRE has no direct involvement in this task, but has assisted SME’s during the last period for their
involvement within this project. These evaluations will become more important as the flow of
treated material and products increases over the closing stages of the project.
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Work Package 4 – Pilot Scale optimisations and production of test material (large scale)

BRE are not directly involved in this task, but has helped advice UK SME’s within the project on
developments, supply of timber, process optimisation requirements etc. BRE has also assisted in the
selection of timber to be sent to Foreco for large scale treatment, and will continue to do so until the
close of the project.

Work Package 5 – Evaluation of properties, in service testing and demonstration (large scale)

This section of work has been delayed due to the difficulties in establishing a working large scale
treatment protocol, but this work will become critically important to the success of the project over
the coming months. BRE are committed to being active in the testing of large scale material
produced. There is still the arrangement for  samples, when produced, to be placed on BRE’s site at
Garston for long term testing. These tests will continue beyond the time boundaries of the project,
and will hopefully provide an essential knowledge base for the long-term implementation of this
process on a commercial front.

Work Package 6 – Benchmarking, best practice guidance and dissemination

Work has yet to begin in earnest on this topic, but is expected to in the immediate future, once the
flow of material from the large scale treatment begins. BRE anticipate high levels of activity in this
area.

Work Package 7 – Project Administration

The last meeting held was the mid-term meeting, held in April 2004. This was briefly reported on in
the first year minutes (and claimed within the first year report).

It is anticipated that there will be at least one more meeting, preferably held in The Netherlands, in
order to see the treatment running large scale timber samples. This will help all partners gain
confidence in the process and to see their timbers being treated.

In addition to these main meetings, there have also been several RTD meetings, where the progress
of the research work has been discussed. These have mainly been held at SHR, though BRE attended
one such meeting in Bangor. 

BRE have maintained contact with the project partners throughout year 2, and will continue to do so.
Work for the coming period

In the remaining period, work will concentrate on the production of large scale material for product
testing. Once produced, some of these products will be evaluated by BRE, both in terms of actual
testing (mechanical aspects) and performance aspects (long term field trials). Information gathered
will be fed to other partners, and incorporated with results from these groups to build a bigger
overview of the performance of these materials. This will help in the development of a guidance and
best practice document, for future production needs.

BRE will undertake work to complete any gaps within the data collected, and consider the long term
prospects for the treatment through discussion with partners and potential clients.

It is hoped that by the end of the project, it will be possible to ascertain the long term potential of
treatment of wood with UZA.
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1 Conclusions

The ECOTAN project is still seen as providing a successful base for the hot oil treatment of wood,
as a means for producing enhanced timber products. There have been some difficulties in getting the
process to work, though this can be expected with any new process development.

The properties noted for the treated timber follow those expected, with slight reductions in some of
the mechanical properties, surface enhancement compared to untreated timber, and considerable
improvements in the durability and stability.

Through correct product selection, pre-profiling technologies, and correct maintenance of products
once in use, there should be little reason why timber products treated with UZA should not be
capable of affording excellent service lifes.
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3.8 B3 University of Wales Bangor 

Scientific team:
Work will be led by Dr. Callum Hill who will appoint and supervise a new postdoctoral or
postgraduate member of staff.

• Dr. Callum Hill is a Senior Lecturer and recognised expert in wood modification and chemical
analysis. He was appointed 1/10/94 and was appointed as senior lecturer with effect from
1/10/01. He currently supervising three PhD projects. He has one PhD students writing up and
five awarded, one MPhil awarded. He had three projects with PDRA’s all completed and final
reports submitted. He has published 39 papers in peer review journals, 7 in press, 22 papers in
conference proceedings and has 2 patents. 

Change compared to technical annex

• Morwenna Spear has extensive experience of timber testing and research. She gained her BSc
(Hons) degree in Forestry and Forest Products from the University of Wales Bangor in 1997.
She has worked as a technician in timber testing laboratories at TRADA Technology Ltd and
the University of Wales Bangor.  She completed her doctorate in natural fibre composites in
2002 and has continued to work in the University of Wales Bangor as a research officer in
wood modification, preservation and mycology.

• Since joining the ECOTAN project team she has investigated the chemistry of the resin cure
mechanism, worked on the laboratory scale treatment of timber to monitor changes in the resin
and the treated timber under a range of parameters.  She has also performed tests on the treated
timber including water sorption, water uptake and resistance to biological degradation.

• 

• Publications:

• Spear M. Hill C. and Tomkinson J. (2003).  Transcrystalline interphases in Polypropylene
Composites: Exploring the Possibilities.  In: Proceedings of the seventh International
Conference on Woodfiber-Plastic Composites, May 2003, Madison, Wisconsin, USA, pp.49-
57.

• Spear M. Hill C. and Tomkinson J. (2002).  Natural Fibre Reinforced Polypropylene
Composites: Assessing the Potential of Hemp and TMP Fibre.  In: Proceedings of the 6th
European Panel Products Symposium.  October 2002, Llandudno, Wales, UK.

• Hughes M., C.A.S. Hill, G. Sebe, J. Hague, M. Spear, and L. Mott (2000).  An Investigation
into the Effects of Micro-Compressive Defects on Interphase Behaviour in Hemp-Epoxy
Composites Using Half Fringe Photoelasticity.  Composite Interfaces, 7(1):13-30.

• Spear M.J., J. Hall and R.A. Wadsworth (1996).  Communication of Uncertainty in Spatial Data
to Decision Makers.  Proceedings of Spatial Accuracy Assessment in Natural Resources and
Environmental Sciences: Second International Symposium.  May 21-23 1996, Fort Collins, CO.
USDA (For. Serv. Gen. Tech. Rep. RM-GTR-277).

University of Wales Bangor (UWB)

The School of Agricultural and Forest Sciences (SAFS) was formed in 1987 in a merger of the
former departments of forestry (established 1904) and agriculture (established 1888). The School
has since expanded. Taught courses and research programs attract around 80 undergraduates and 100
post-graduates each year. The courses on offer reflect the considerable diversity of knowledge that
the School possesses. Research in the School is equally diverse, spanning all disciplines from
physics, chemistry and biology to economics and sociology. The School has many links with
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overseas institutions and runs research projects in many countries.  Research grants capture for the
year 2000 was £3/4m.  We were awarded a grade of 5 in the last RAE.

SAFS has a long tradition in education and research in forestry and wood science. The concentration
of staff with many areas of expertise provides unique opportunities for scientific research into
sustainable forestry and the production of sustainably derived materials including timber. Recently,
increased emphasis has been placed upon research into industrial feedstock derived from renewable
sources, where we collaborate closely with the BioComposites Centre.  Research carried out by
members of the group fall into the following themes:

Genetic and silvicultural influences upon tree form and wood properties, chemical modification of
wood and other lignocellulosic materials, wood-based panels and composites, wood decay and
protection, cell wall porosity of wood, wood drying, extraction and modification of plant derived
materials for a variety of end-uses, natural fibre reinforced composites.

Contractual links to other participants: 
There are no links to other participants or assistant contractors.

Objectives:
The objectives of the UWB in the project will be to perform the more fundamental research. In order
to support the development of the novel modification method, implementation of the method at the
SME’s and development of determination techniques in order to validate properties.

Workplan:
UWB will perform screening on small scale in order to determine the possibilities of Beech and
Corsican pine for this treatment method. The effect of the moisture content of the wood on the
treatment will deterined in small-scale experiments at UWB. Several chemical techniques will be
examined to monitor and measure the stability of the treatment oil. Together with BRE and SHR the
UWB will perform several test methods to determine the properties and performance on small scale
described in task 1 of WP 3 (water-uptake, liquid and vapour water, contact angle, dimensional
stability an durability testing).

Deliverables:
UWB will be responsible for WP 1 and the deliverables D1 and D2. UWB will be contributor to the
deliverables: D3, D4, D5, D7, D10, D11, D12, D13 and D14
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3.8.1 Research activities of B3 – University of Bangor, during the
second year reporting period

AIMS

During the second reporting period the specific aims of the University of Wales Bangor
have been 

• to fine tune the process developed during the first project period

• to produce and test small specimens for decay resistance

• to contribute scientific understanding of curing and decay prevention.

The results of experimental work are reported in the relevant work packages below,
following an overview of the main topics addressed.

OVERVIEW

The standard treatment schedule was developed in year 1.  This used a three hour cook time,
with vacuum at the start of heating to draw air out of the timber; followed by a pressure step
to encourage penetration of the oil into the wood; then a vacuum to draw off water vapour
and reduce the problem of foaming within the reactor.  

Four temperatures have now been investigated within this system: 160, 180, 200 and 220°C.
All treatment temperatures worked well and the resin cured on and within the blocks.  There
was an alteration in the colour of the treated wood from these treatments, with 220°C
treated wood probably being too dark.  Blocks from each treatment temperature are
currently being tested for fungal resistance to compare their efficacy of thermal treatment.

The work required for Work Package 1 was completed during the first year of the project.
These studies have been extended only slightly during the second year in order to address
specific questions raised by the scale up operation:  

1. Most significantly, the formation of a thick polymerised skin of resin on the wood
surface was thought to reduce marketability of the treated timber.  Consequently,
alternative methods have been sought to reduce the skin formation to a uniform,
attractive sheen.  The method with greatest potential appears to be a two or three
stage process where the resin impregnation occurs at low temperature, followed by a
high temperature cook in rapeseed or linseed oil.

2. Additionally, the penetrability of spruce timber has been investigated further.  Green
spruce timber was treated with rapeseed oil, giving a greater degree of impregnation
than was previously seen for dried timber.  
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The variation in the thickness of resin film on the block surface appeared to relate to the rate
at which resin drained from the blocks after treatment, and the accessibility of air to the
block surface during this time.  As the number of treatment cycles increased, the increased
viscosity added to the drainage problem, and the surface coating of resin tended to become
unmanageably thick.  

A modified method has been investigated during this year.  In the new method a vacuum
was pulled before impregnation with resin at 60°C, followed by high temperature (190°C)
treatment in rapeseed oil.  This is reported in Work Package 2.  Technical problems with the
pressure reactor meant that the high temperature step was performed in an open vessel
without pressure however good results were obtained, and the uptake by pine, beech and
spruce was acceptable.  During the standard method experiments in the first year it was
observed that the excessively high uptake of resin by pine (which is very permeable) would
raise problems of cost, so the reduction seen for pine was welcomed.  The uptake of resin by
spruce was increased in the new method.  The use of a vacuum before impregnation is likely
to maximise the transport of resin into the wood.

Determination of many properties of the Uradil treated timber has been reported in the first
project period.  The first batch of EN113 results for fungal decay resistance have been
completed, and are reported in Work Package 3.  A further experiment to compare the effect
of treatment temperature, and to investigate the effect of cross cutting on the fungal decay
resistance have been set up, and will be reported in the final project report.
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Work Package 1:  Timber Selection and Screening

Task 1

No required input to this task by UWB.

Task 2

Completed during the first project year.

Task 3

One further experiment on the effect of timber moisture content was conducted.  Green
spruce timber was obtained and blocks of nominally 27 x 16 x 50 mm were cut, to allow for
shrinkage during treatment and drying.  Matched samples of this spruce were weighed
(green) and then fried in rapeseed oil at 190°C.  Their paired samples were weighed and
oven dried to calculate the initial moisture content and therefore estimate the mass of the
treated blocks.  The uptake of oil in blocks treated by this method was good, with an
average weight percent gain of 92.91%.  The initial moisture content of the green blocks
was 110.7%. 

Previously, spruce blocks which had been conditioned to 25% moisture content after drying
showed a weight percent gain of between 14.05 and 21.46% when impregnated with linseed
oil at 200°C.  In another experiment, using spruce blocks at 14.33% moisture content, heat
treatment with linseed oil gave a weight percent gain of 26.71%.  The benefit of treating
green spruce is clearly apparent.  Green spruce has a greater permeability as the oil is
exchanged directly for water, without drying (which causes the earlywood bordered pits to
aspirate), so the wood cells remain open to oil flowing into the wood.

Spruce timber when conditioned to 18% moisture content after oven drying (to allow
accurate weight gain calculations) was more difficult to treat and required different
treatment conditions.  The high moisture content in spruce led to collapse of the wood
structure, probably due to the build up of steam within the wood which could not exit as
efficiently as in pine or beech, and the pressure difference between the reactor and the core
of the wood as oil could not penetrate into the wood core.  When the treatment was repeated
without a pressure step the wood did not collapse, but the weight percent gain of the wood
was lower.

While the results of this study on green spruce were encouraging, technical problems have
prevented better investigation.  The small scale reactor developed several electronic faults in
the middle of the project year, and several services later is still out of commission.  This has
prevented further development of the method for green spruce as the necessary pressure and
temperature control were not possible.
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Work Package 2:  Laboratory Scale Process Optimisation and
Preparation of Test Material

OVERVIEW

The majority of the required inputs to this Work Package were made in the first project
year, with the establishment of the standard method of treatment (method 1).  The
development work for the two stage treatment method (method 2) to reduce film formation
on the treated timber is reported below (see task 3).  Further tests on resin viscosity have
also been done (task 1), and it was observed that the use of galvanised zinc in the
construction or baskets to contain the wood blocks contributed to a dramatic increase in
viscosity.  After several cooks the zinc had been lost from the galvanised wire and the rate
of viscosity change was reduced, although still significant.

Method 1

Blocks of 15 x 25 x 50mm in dimension, and sticks of 15 x 25 x 120mm, were prepared
from Corsican pine, beech and Norway spruce timber.  Blocks and sticks were placed in a
basket of steel mesh to ensure that they were fully submerged in the oil or resin during
treatment.  Treatment in either Uradil resin, linseed oil or rapeseed oil was carried out in a 2
litre pressure reactor.  The temperature during treatment was either 160, 180, 200 or 220°C,
and treatment time was three hours.

During treatment a vacuum was used initially to encourage good vacation of air from the
wood, followed by a pressure step to give impregnation of the oil into the wood cell
structure.  Vacuum was re-applied after the pressure stage to assist the exit of water vapour
(from within the wood) at high temperature.

After treatment the weight percent gain of the wood blocks was calculated.  Samples of used
resin were taken for chemical analysis.  Treated wood blocks were used for the decay
resistance determination described in Work Package 3.

Method 2

Blocks of similar dimensions were prepared as described above.  Blocks were placed in a
beaker in a vacuum chamber, and a vacuum was pulled for 10 minutes.  Pre-heated Uradil
resin at 60°C was drawn into the vacuum chamber and allowed to stand for 10 minutes.  The
vacuum was then released and the blocks remained in the resin for a further 10 minutes.
Blocks were then drained and transferred to hot rapeseed oil (190°C) for three hours.  All
experiments were conducted on an open bench not in a sealed reactor, so oxygen was
present above the cooking oil.

During method development three treatment parameters were varied:
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• Vacuum time before Uradil addition (5 to 15 minutes)

• Vacuum time after drenching with Uradil (5 to 20 minutes)

• Duration of cook at 190°C in rapeseed oil. (1.5 to 3 hours)

Task 1 

The Uradil resin was used for a series of treatment cycles, and samples were taken at the
end of each treatment.  As the Corsican pine took up a substantial quantity of resin on each
treatment cycle, approximately 200ml of fresh resin was added before the next cycle.  The
resin viscosity was measured and resin chemistry was investigated using spectrometric
techniques and other analyses described in the report from the first project year.  In the first
year it was shown that the Uradil resin becomes unusable after between seven and twelve
treatment cycles (figure 1, as presented in the report of the first project period).  

Uradil viscosity with age
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Figure 1.  Viscosity of Uradil resin after various numbers of treatment cycles.

During more recent treatment cycles for specimen preparation, it was noticed that when new
galvanised steel baskets were made for holding and submerging the wood samples in the
reactor, there was a steep jump in resin viscosity and the resin prematurely became too
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viscous to use (Figure 2).  This is likely to be due to ion exchange of the zinc ions into the
acidic resin.  Once in the ionic form the zinc may catalyse the oxidative cross linking of the
resin, in a similar manner to the behaviour of zinc driers in oil paints.  After complete loss
of zinc and with fresh resin, the viscosity is more stable but still shows a steady increase
with number of cook cycles.
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Figure 2.  Viscosity of Uradil resin after each cook schedule, and after introduction of zinc
from galvanised steel basket (introduced on second cook cycle of second series).

Following development of this hypothesis, the original data records were checked for
contamination by new galvanised material and replotted (figure 3).  
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Resin viscosity with age
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Figure 3.  Viscosity of Uradil resin after various numbers of cook schedules, data from
batches containing zinc omitted.

The viscosity of the Uradil resin was shown to increase steadily with the number of times it
is used.  The viscosity change may relate to oxidative cross linking in the resin or a curing
mechanism relating to the presence of anhydride functional groups in the Uradil resin.  The
presence of zinc ions from the galvanised steel mesh may accelerate the cross linking
process, or may allow a different reaction to take place.

Task 2

The depth of impregnation was examined visually in cross cut timber specimens in the first
year of the project.  The observations corresponded with the observed weight percent gains:
Corsican pine (80-110% wpg) was easily saturated by the Uradil resin; Norway spruce (10-
20% wpg) was poorly impregnated, to a maximum of 2mm into the block; beech (60-70%
wpg) appeared to have been fully saturated.

During preparation of EN113 specimens for Work Package 3, photographs of Uradil
impregnated blocks from each temperature were taken.  These revealed that the variation in
depth of impregnation between batches was higher than expected.  The 120mm long sticks
were crosscut in the centre, and then trimmed to 50mm in length by removing the sealed
end grain.  In most blocks the exposed end grain was saturated, and the centre showed more
of an envelope of treatment.  Several pine and beech sticks showed complete penetration on
each of the three cut surfaces.

Beech: Uradil
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Plate 1.  Centre of beech block, 200°C treated beech.  Penetration of resin is visible
throughout the blocks.

Plate 2.  Centre of another batch of beech treated at 200°C, showing less penetration.  The
resin is limited to an envelope treatment on the outer faces, and to the early wood (which
has a more open structure to allow resin penetration via vessels).

Beech: Linseed Oil
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Plate 3.  Centre of crosscut beech blocks, treated in linseed oil at 200°C.  There is good
penetration of the blocks by the oil both in the centre (shown) and at both ends.
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Corsican pine:  Uradil

Plate 4. Pine blocks treated at 160°C, which have a paler appearance than the higher
temperature treated blocks.  The resin has penetrated up to 7mm into the block from the
faces, but distribution is not uniform across the centre of the stick.

Plate 5.  Centre of a batch of 180°C blocks, showing good penetration in some cases.
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Plate 6.  Poor penetration at the centre of 200°C treated blocks

Plate 7.  Blocks treated at 220°C had a much darker appearance.  The centre of the stick is
not completely penetrated.  The surface of these blocks was thick with polymerised resin,
possibly due to the rapid polymerisation on removal from the treatment vessel.
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Corsican pine: Linseed oil

Plate 8.  Centre of 200°C treated pine blocks, showing better penetration compared with
Uradil.

Norway spruce: Uradil
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Plate 9.  Centre of cross cut spruce sticks treated with Uradil.  There has been little or no
lateral penetration of the blocks.  The colour change is solely due to the thermal treatment,
not resin.

Norway spruce: Linseed

Plate 10.  Centre of crosscut spruce sticks showing partial penetration of the linseed oil,
filling the outer 3 to 6mm or the block.  The colour difference between the lower half of the
stick (left) and the upper half of the stick (right) is due to the sticks breaking free from
restraints during treatment and floating only partially in the oil.  

The spruce sticks were difficult to impregnate, and in some batches, the buoyancy of the
unimpregnated timber led to the blocks breaking free from their position.  In one batch of
spruce this led to sticks which were treated only in the lower half, however the degree of
impregnation in the lower region was improved compared to fully submerged sticks.  This
may indicate that total submersion reduces the ability of the steam to exit the wood and
consequently prevents oil entering.  Where the upper end of the spruce blocks is exposed
the exit of steam and air via narrow latewood tracheids is easier as there are no contact
angle energy barriers to overcome.

It was shown previously that there is no problem with impregnation of Corsican pine and
beech due to their open cellular structure.  Dry spruce has a much more closed structure due
to aspirated pits in the earlywood tracheids (the main transport route in the living tree).  An
experiment on green spruce, where pit aspiration had not occurred, allowed a much greater
level of impregnation, as reported in Work Package 1.  Further experimental work is
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desirable to assess the effect of heating rate and pressure on the formation of checks within
green spruce.  However, due to technical problems this experimental work was not possible
within the project time frame. 

Task 3

Work in the first project period showed that a polymeric film readily forms on the wood
surface during curing.  This surface coating could be detrimental to product sales if it is
uneven or too prominent.  For this reason a set of experiments to reduce the surface film
using a two stage treatment process were investigated.

The curing reaction of Uradil resin is facilitated by the presence of oxygen and by elevated
temperatures.  This means that the most significant stage for resin cure is the period
immediately following the heat treatment.  In the scale up experiments during the first year,
large pieces of timber were prone to cure in a non-uniform manner, with some areas of thick
resin film, and other areas where drainage had been better having a thinner more attractive
resin coating.  Consequently an alternative treatment method (method 2, above) using a high
temperature rapeseed oil wash-treatment step was developed.  The two aims of this high
temperature oil step were to continue the heat treatment of the timber, while washing the
surface of the resin impregnated wood, to give a matt finish.

The results from a series of treatments with different combinations of the three main
treatment parameters (duration of vacuum before impregnation; duration of resin
impregnation and cook duration) are presented in table 1.  Each batch comprised four or six
blocks of each species (beech (BE), Corsican pine (CP) and Norway spruce (NS)).
Consequently the standard deviations of the weight percent gains for each treatment are
high, and only general trends can be assessed.  The differences between batches D, K, M
and N (which used identical schedules) demonstrate the variability inherent to the small
sample size.
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Batch Vacuum

time

(mins)

Drench with
vacuum

(mins)

Cook

(hours)

Weight
percent
gain (BE)

Weight
percent
gain (CP)

Weight
percent
gain (NS)

batchA - 5 2.5 21.66 20.96 37.68

batchC 5 5 2 15.25 14.73 27.83

batchB 5 5 2.25 22.89 24.94 33.73

batchF 10 20 1.75 17.55 15.31 25.41

batchE 10 15 2.5 16.20 20.84 28.12

batchL 10 10 2.5 22.82 26.25 39.02

batchD 10 10 3 18.86 23.65 39.45

batchK 10 10 3 25.07 26.30 25.81

batchM 10 10 3 27.15 19.09 25.92

batchN 10 10 3 30.30 19.69 24.19

batchI 15 10 2 17.08 9.57 24.11

batchH 15 10 2.5 16.61 17.05 30.72

batchJ 15 10 3 26.74 21.87 29.22

batchG 15 10 3 18.62 16.79 29.47

Table 1  Treatment parameters and weight percent gains for beech (BE), pine (CP) and
spruce (NS) 15 x 25 x 50mm blocks.

It is immediately apparent from the data in table 1 that the weight percent gain for Norway
spruce is greater than that for Corsican pine and beech in almost all cases.  This is the
opposite effect to that seen with the standard method.  This is likely to relate to two effects:
the absence of a pressure step reduces the over-saturation of pine and beech which is seen
using the standard method; and the open structure of pine and beech may allow significant
amounts of Uradil resin to be washed out of their cells during the rapeseed oil heat
treatment.  The use of a vacuum prior to introduction of the Uradil resin probably increases
the uptake of resin by the spruce, and the narrower apertures of the spruce latewood
tracheids (the only available path into the wood in this timber) will reduce the quantity of
resin which can wash out of the cells.
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This theory was tested by comparison of the weight gain by Uradil impregnation at 60°C
alone, with the main two-step treatment data.  A single sample of each species was removed
from batch F and batch H before heat treatment to determine the weight of Uradil resin
present.  This is a very subjective measure due to the low sample size.  Comparison of
weight percent gain for Uradil-Rapeseed oil treatment (for batch F and batch H from table
1) with the gains shown for only the Uradil pre-treatment (in table 2) indicates that spruce
and pine took up rapeseed oil, whereas the beech weight gain was reduced during the
rapeseed oil step, indicating that some washing out of resin had occurred in beech.

batch F batch H

Initial
weight

(g)

Final
weight

(g)

Weight
percent
gain (%)

Initial
weight

(g)

Final
weight

(g)

Weight
percent
gain (%)

Beech 11.1205 14.8431 33.48 11.4295 14.7684 29.21

C pine 9.5924 11.0502 15.20 9.6948 11.3136 16.70

N spruce 7.8849 9.1948 16.61 7.4859 8.3217 11.16

Table 2.  Weight percent gain due to Uradil treatment at 60°C, for blocks removed from
treatment batch F and H before rapeseed oil treatment.

It is clear from this weight gain calculation that the mass of Uradil is only a part of the total
weight gain shown by the spruce and pine blocks during treatment.  Therefore it is expected
that rapeseed oil also penetrates some distance into the block surfaces.  The additional
weight gained due to rapeseed oil can be estimated based on the average weight gain of
blocks from batches F and H compared with the Uradil only weight gain of reserved blocks
(Table 3).  

The weight gain for beech was greater in the Uradil only treatment than the two-stage
treatment, so a portion of the Uradil can be assumed to have washed out of the blocks
during rapeseed oil treatment, therefore the quantity of rapeseed oil taken up cannot be
estimated, although it is clear than oil has entered the block due to the different surface
appearance.  Similarly, the estimated rapeseed oil uptake for pine and spruce is only a
minimum uptake value, with some exchange of rapeseed oil for Uradil from the surface
region of blocks being likely.
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batch F batch H

Weight
gain Uradil
(g)

Total
weight
gain

(g)

Estimate
rapeseed
oil

(g)

Weight
gain Uradil

(g)

Total
weight
gain

(g)

Estimate
rapeseed
oil

(g)

Beech 3.6479 2.0388 -- 3.3389 1.6964 --

C pine 1.4578 1.4930 0.0352 1.6188 1.2928 --

N spruce 1.3099 1.6664 0.3565 0.8358 2.3483 1.5125

Table 3.  Comparison of weight gain during Uradil pre-treatment with weight gain
following the two-step treatment process.

Other Observations

The treated blocks have a matt surface, more similar to the standard rapeseed oil treated
block appearance.  This is more uniform than the Uradil treated blocks from the single step
process, and more likely to be favourably received by customers. 

Cross cutting the two-stage treated blocks revealed that the pine and beech blocks were
uniformly impregnated, but in the spruce both the oil and resin were restricted to the surface
region.  The Uradil pre-treated blocks of all three timber species were also cross cut, and
these were largely free of resin in the core, except on the face which had been lowest during
oven drying at 105°C.  This localised saturation can be attributed to resin draining down the
sides of the block in the oven, and seeping in slowly during curing.  

The weight percent gain shown by Norway spruce blocks following the two-stage treatment
process was slightly greater than that for a standard Uradil pressure treatment (typically 19-
25%); however these values are subject to considerable variation between batches.  For
Corsican pine the uptake was a third to a quarter of the standard weight percent gain
(typically 49 to 85% for Uradil pressure treatment), and a similar reduction of wpg was seen
for beech (typically 60 to 75%).

Extension of Method 2

A further set of tests was conducted using a higher temperature for the resin pre-treatment,
to reduce the viscosity of the resin during vacuum impregnation.  The temperature of the
Uradil was increased to 90 and 110°C, and impregnation was performed as described
previously. 

Results
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The loss of temperature during impregnation was greater for the higher temperature resin.
Due to the delay in reheating the resin for the next impregnation treatment, some of the
vacuum durations were extended.  The weight percent gains are compared to the most
similar 60°C batches in table 4 and 5 below.

Batch Vacuum

time

(mins)

Treatment
temp.

(°C)

Drench
with
vacuum

(mins)

Cook

(hours)

Weight
percent
gain (BE)

Weight
percent
gain 

(CP)

Weight
percent
gain (NS)

batchJ 15 60 10 3 26.74 21.87 29.22

batchG 15 60 10 3 18.62 16.79 29.47

batchO 15 90 10 3 31.47 28.45 27.34

batchH 15 60 10 2.5 16.61 17.05 30.72

batchP 20 90 10 2.5 21.84 25.32 25.68

Table 4.  Treatment at 90°C compared with the results of 60°C treatment.

Batch Vacuum

time

(mins)

Treatment
temp.

(°C)

Drench
with
vacuum

(mins)

Cook

(hours)

Weight
percent
gain (BE)

Weight
percent
gain 

(CP)

Weight
percent
gain (NS)

batchD 10 60 10 3 18.86 23.65 39.45

batchK 10 60 10 3 25.07 26.30 25.81

batchM 10 60 10 3 27.15 19.09 25.92

batchN 10 60 10 3 30.30 19.69 24.19

batchQ 10 110 10 3 25.05 36.10 ---

batchB 5 60 5 2.25 22.89 24.94 33.73

batchH 15 60 10 2.5 16.61 13.14 30.72

batchR 15 110 5 2.5 17.16 24.71 ---

Table 5.  Treatment at 110°C compared with the results of 60°C treatment.

In the majority of cases the weight percent gains were increased by the temperature
increase.  Spruce is the exception to this rule, with the 90°C treatment showing a lower wpg
in batch O and batch P.  However, the small number of specimens treated, and the high level
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of variation seen between batches D, K, M and N (under identical conditions), indicate that
all comparison is very subjective.

Peroxide induced curing

The resin cures well on the block surfaces by the traditional method; however, when Uradil
treated blocks are heated in an oven at 105°C, for example to determine the dry weight after
fungal testing, resin seepage is observed.  This revealed that cure within the blocks is
incomplete, as is consistent with an oxidative cure mechanism, where oxygen only has
access to the surface region of the timber.  A set of experiments was performed to
investigate the use of a high molecular weight peroxide (which is activated at elevated
temperatures) as a means of promoting cure within the blocks.

Uradil resin containing peroxide was prepared, using bis 2,5-tert-butyl peroxy 2,5,dimethyl
peroxide, at 3ml per 300ml of resin.  Batches of five Norway spruce blocks (20 x 20 x
5mm) were pre-treated in the Uradil peroxide solution at 60°C.  Batch A were cooked in
Uradil and peroxide for 15 minutes, and batch B for thirty minutes before transfer to
rapeseed oil at 190°C.  After one and a half hours (batch A) and 1 hour (batch B) the blocks
were removed from the rapeseed oil and transferred to the oven to continue curing at 100°C
overnight.  A control batch of ten Norway spruce blocks (batch C) was pre-treated in Uradil
without peroxide at 60°C, and cooked in rapeseed oil at 190°C as above.

Both batches had weight percent gains (wpg) of 119%; this is almost identical to the 120%
wpg seen for the control blocks (Table 6).  The very high weight percent gains observed
were due to the thin spruce blocks, which are small enough (5mm) to allow full penetration
of cell lumena from either of the cross cut faces.

Pre-treatment Oil type Moisture 

Content
(g)

Moisture 

Content
(%)

Weight
Uptake
(g)

Mean wpg

(%)

Standard
error

A Uradil perox
60°C

Rapeseed 0.08896 10.80113 0.9833 119.4056 1.277222

B Uradil perox
60°C

Rapeseed 0.08904 10.71884 0.99176 119.9195 5.186912

C Uradil

60°C

Rapeseed 0.06251 7.56885 0.99024 120.09 2.24709

Table 6.  Weight percent gain for Uradil peroxide pre-treatment of spruce, by method 2.

Peroxide viscosity observations
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The viscosities of Uradil and rapeseed oil after addition of bis 2,5-tert-butyl peroxy
2,5,dimethyl peroxide were measured using a Brookfield viscometer (Table 7).  The
peroxide was added at a concentration of 1% v/v.  There is an apparent slow increase of
Uradil viscosity during the 14 day period.  The viscosity of the rapeseed oil is not changed
significantly by the presence of the peroxide.

speed before
addition

start 1 hour 3 hours 6 hours 23 hours 48 hours 14 days

Uradil 12 -- 1300 1200 1200 1300 1250 1450 1550

30 1300 1280 1220 1220 1300 1280 1500 1660

60 1380 1310 1240 1220 1340 1310 1500 1670

Rapeseed 12 77.5 77.5 70 70 72.5 72.5 77.5 72.5

30 71 75 68 71 70 68 79 74

60 76 74 70 70.5 71.5 71.5 79.5 74.5

Table 7.  Viscosity of Uradil and rapeseed oil on addition of bis 2,5-tert-butyl peroxy
2,5,dimethyl peroxide.

Rapeseed oil containing peroxide was heated to 60°C (Table 8).  The oil showed a large
decrease in viscosity, which was reversed on cooling.  When the rapeseed peroxide blend
was heated to 60°C for varying periods of time there was a slight decrease in viscosity with
increased time at elevated temperature.

speed before
addition

14 days heated to
60°C

return to
19°C

1 hour at
60°C

2 hours
at 60°C

3 hours
at 60°C

Rapeseed 12 77.5 72.5 20.0 67.5 20.0 17.5 15.0

30 71 74 19.0 72.0 20.0 19.0 19.0

60 76 74.5 23.0 72.0 23.0 22.0 20.5

Table 8.  Effect of heating to 60°C on the viscosity of rapeseed oil containing bis 2,5-tert-
butyl peroxy 2,5,dimethyl peroxide.
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Work Package 3:  Evaluation of Properties and Performance (Small
Scale)

OVERVIEW

The first EN113 decay resistance test was completed in the second project reporting period,
and results are presented below.  The high resin saturation, and the ongoing curing reactions
which take place within the treated timber, make it necessary to apply the EN113 standard
in the more subjective manner (similar to creosote testing) according to note 2 of section
8.4.2 of the standard.  The results for Uradil treated timber were good, with no visual sign of
decay.  Linseed oil and rapeseed oil treated timber also performed well.

Further EN113 tests have been initiated using treated blocks, in comparison with blocks cut
to expose untreated end grain.  This will explore whether the resin provides an envelope
treatment (especially in spruce where penetration is poor), and whether post-treatment
machining is likely to reduce the preservative effect.  These experiments are due to finish in
July 2005.

Resistance of treated timber to decay by basidiomycetes

Blocks of Corsican pine and beech, of dimensions 25 x 15 x 50 mm, were cut according to
the EN113 standard.  These were treated with Uradil, linseed oil or rapeseed oil by method
1 as described in work package 2.  Control blocks were not treated with any oil, but were
weighed, conditioned and sterilised by gamma irradiation in the same manner as the treated
blocks prior to exposure.  Jars with a screw lid and ventilation hole (as described in the
standard) were prepared with five brown rot fungi and one white rot fungus.

The brown rot fungi used were Poria placenta, Lentinus lepideus, Coniophora puteana,
Serpula lacrymans and Gloeophylum trabeum and of these, Corsican pine was exposed to
all five, while beech was exposed only to C. puteana and G. trabeum.  Trametes versicolor
was the white rot fungus, and both Corsican pine and beech were tested under exposure to
this.  

After several weeks photographs of the fungal attack were taken (without opening the jars)
and in the majority of cases the Uradil treated blocks had not been colonised whereas the
linseed oil and rapeseed oil treated blocks had been colonised to almost the same level as
the untreated control.
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Plate 11.  Colonisation of control (foreground) and Uradil treated blocks
in a typical EN113 test jar.

Plate 12.  Colonisation of control and Uradil treated blocks by Coniophora puteana.

After sixteen weeks the blocks were removed from the culture jars, cleaned of surface
mycelium and weighed.  They were then dried in an oven and reweighed.  From this data
the final moisture content and the weight loss due to fungi were determined (Tables 8, 9).
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Corsican pine Uradil Linseed oil Rapeseed oil

Fungal strain Moisture
content (%)

Weight
change
(%)

Moisture
content (%)

Weight
change
(%)

Moisture
content (%)

Weight
change
(%)

Trametes
versicolor

CTB 863A

14.88

27.71

-0.63

-1.41

16.59

20.58

-9.28

-1.85

12.95

31.08

-4.27

-2.42

Coniophora
puteana BAM15

14.39

58.10

1.22

-28.39

18.57

55.50

-6.41

-27.39

23.44

57.44

-3.57

-26.68

Coniophora
puteana

11E

14.13

56.77

1.73

-31.95

17.41

53.94

-9.05

-30.26

26.14

52.30

-6.92

-26.82

Poria placenta

282

13.49

48.14

1.13

-27.64

16.10

59.70

-4.01

-27.56

11.65

34.65

-2.19

-23.03

Lentinus
lepideus

153C

14.39

36.00

-1.39

-16.06

13.93

27.28

-8.80

-9.39

13.91

34.13

-8.05

-10.37

Gloeophyllum
trabeum

108E

11.92

23.42

2.00

-3.43

14.82

30.11

-7.37

-10.41

7.13

21.00

0.36

-2.87

Serpula
lacrymans

BAM 315

14.13

31.79

1.95

-15.60

17.34

41.60

-6.34

-28.43

14.05

36.46

-7.45

-17.35

Table 8.  Uncorrected values for mass loss by pine blocks exposed to fungi for 16 weeks.
Figures in bold type are treated samples, and in normal type are control samples.
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Beech Uradil Linseed oil Rapeseed oil

Fungal strain Moisture
content (%)

Weight
change
(%)

Moisture
content (%)

Weight
change
(%)

Moisture
content (%)

Weight
change
(%)

Trametes
versicolor

CTB 863A

16.59

33.29

-2.89

-11.39

8.06

26.38

1.49

-6.62

8.56

22.72

-4.45

-3.73

Coniophora
puteana BAM15

17.46

60.25

-3.97
-32.53

23.39

59.52

-6.62

-33.15

27.23

60.41

-5.31

-31.98

Coniophora
puteana 

11E

14.35

36.83

-4.47

-30.53

17.65

43.93

-6.81

-36.80

---

---

---
---

Gloeophyllum
trabeum 108E

15.78

27.83

-3.63

-11.15

12.53

31.91

-4.05

-7.99

12.44

25.68

-8.28

-7.12

Table 9.  Uncorrected values for mass loss of beech blocks after exposure to fungi for 16
weeks.  Figures in bold type are treated samples, and in normal type are control samples.

The results in the above tables have not been corrected for mass loss/gain of the unexposed
control samples.  The EN113 standard method requires that blocks which have not been
exposed to fungi are kept in jars above agar for the duration of the test to assess the
moisture content of blocks in a similar environment.  This allows calculation of a correction
factor.  When calculated according to the standard, the correction factor for Uradil treated
pine was 90.85, with a standard error of 2.44.  This has been used in calculations in Table
12.  It was found that mass balance based on treated weight, not untreated weight, was more
reliable as discussed below, and these correction factors are shown in Table 10 for Corsican
pine and Table 11 for beech.  
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Treatment Specimen
Uptake of Oil
(g)

Oil retention
(kg/m3) Mass Loss (%)

Correction
Value

Uradil CP050 8.4458 450.443 -0.92  

 CP215 9.0515 482.747 3.96 3.58

 CP219 8.9195 475.707 4.22  

 CP235 9.1410 487.520 7.07  

      

 mean 8.88945 474.104 3.58  (s.e. = 1.66)

Linseed CP285 8.3118 443.296 1.44  

 CP359 8.0572 429.717 -5.32 -3.96

 CP286 7.3943 394.363 -1.87  

 CP361 8.0572 429.717 -10.09  

      

 mean 7.955125 424.273 -3.96  (s.e. = 2.47)

Rapeseed CP277 7.8587 419.131 1.44  

 CP272 8.8931 474.299 0.48 1.36

 CP413 8.8329 471.088 2.16  

 CP257 9.0264 481.408 1.36  

      

 mean 8.652775 461.481 1.36  (s.e. = 0.34)

Table 10.  Calculation of a modified correction factor for treated Corsican pine blocks.
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Treatment Specimen
Uptake of Oil
(g)

Oil retention
(kg/m3) Mass Loss (%)

Correction
Value

Uradil BE006 5.6381 300.699 -0.38  

 BE001 5.9336 316.459 -3.83 -1.91

 BE009 4.9356 263.232 -1.77  

 BE010 5.4921 292.912 -1.66  

      

 mean 5.49985 293.325 -1.91  (s.e. = 0.71)

Linseed BE035 7.2310 385.653 -1.39  

 BE019 6.7959 362.448 -0.46 -1.05

 BE016 7.1284 380.181 -1.24  

 BE030 7.3634 392.715 -1.12  

      

 mean 7.129675 380.249 -1.05  (s.e. = 0.21)

Rapeseed BE085 6.9817 372.357 -1.67  

 BE105 7.6108 405.909 -4.55 -1.39

 BE108 7.1021 378.779 0.17  

 BE095 7.8382 418.037 0.50  

      

 mean 7.3832 393.771 -1.39  (s.e. = 1.16)

Table 11.  Calculation of a modified correction factor for treated beech blocks.

A worked example to compare the results of the correction process and standard EN113
data for Uradil treated pine blocks (Table 12), with the modified method (Table 13), using
the mass loss based on treated specimen weight not untreated wood weight.  The
calculations using the modified method for the full data set are presented in Appendix A.  In
both calculation methods, m0 = mass untreated; m1 = mass treated; m3 = mass at end of
exposure (all oven dry), and m2 = mass immediately after exposure.

Note that in the modified method there is a reduction in the variability of corrected mass
loss values.  This is because the impregnation of each block is sufficiently different that a
single correction factor introduces new errors.  When calculated on the basis of treated
weight (m1) the values are more consistent, however some are still positive indicating a
weight gain after fungal exposure, e.g. for Poria placenta, however this may be explained
by trapped moisture or by oxidative cross linking of the resin resulting in a net increase in
mass. 
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Fungus Specimen Uptake of
oil (g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Correction
value

Corr.
mass loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Poria placenta
U

CP009 9.6763 516.0693 94.616300 3.77 CP0365 -27.7583

CP216 9.4443 503.696 90.60043 90.85 -0.25 CP0098 -23.1493

CP227 8.7629 467.3546 85.48775 -5.36 CP0251 -29.6249

CP213 9.4146 502.112 91.81436 0.97 CP0410 -30.0334

Lentinus
lepideus U

CP220 9.5649 510.128 89.09310 -1.75 CP0439 -18.9875

CP018 9.1238 486.6026 85.17857 90.85 -5.67 CP1437 -16.8456

CP017 9.0001 480.0053 82.58851 -8.26 CP0433 -6.1129

CP224 9.1032 485.504 87.07035 -3.78 CP0466 -22.3006

mean 9.198 490.56 85.98263  -4.86 mean  -16.0617

Serpula
lacrymans U

CP051 7.6619 408.6346 78.12978 -12.72 CP1436 -12.5217

CP228 9.2379 492.688 93.18494 90.85 2.34 CP0427 -21.7926

CP049 7.7837 415.1306 81.98247 -8.86 CP0429 -3.3697

CP234 9.0244 481.3013 89.36554 -1.48 CP0118 -24.7144

mean 8.426975 449.4386 85.66568  -5.18 mean  -15.5996

Coniophora
puteana U

CP217 9.0812 484.3306 84.73720 -6.11 CP0425 -29.7269

11E CP222 8.7866 468.6186 82.10915 90.85 -8.74 CP0370 -28.6052

CP221 9.1479 487.888 89.88764 -0.96 CP0117 -33.5703

CP232 8.981 478.9866 81.25877 -9.59 CP0445 -35.9100

mean 8.999175 479.956 84.49819  -6.35 mean  -31.9835

Coniophora
puteana U

CP214 8.9494 477.3013 81.79190 -9.06 CP0102 -23.7720

BAM15 CP236 9.0895 484.7733 88.8569 90.85 -1.99 CP0392 -31.8267

CP012 9.3492 498.624 89.55198 -1.30 CP0382 -28.5357

CP218 9.4195 502.3733 93.66708 2.82 CP0253 -29.4135

mean 9.2019 490.768 88.46697  -2.38 mean  -28.3870

Table 12.  Corrected weights of Uradil treated pine, calculated on the basis of
(m3-m0)/m0 (as specified in EN113).
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Fungus Specimen Uptake of
oil (g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Correction
value

Corr.
mass loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Poria placenta
U

CP009 9.6763 516.0693 -2.159280 -5.74 CP0365 -27.7583

CP216 9.4443 503.696 -1.96714 3.58 -5.55 CP0098 -23.1493

CP227 8.7629 467.3546 5.350757 1.77 CP0251 -29.6249

CP213 9.4146 502.112 3.295504 -0.29 CP0410 -30.0334

mean 9.324525 497.308 1.129959 -2.45 mean -27.6415

Lentinus
lepideus U

CP220 9.5649 510.128 -3.969682 -7.55 CP0439 -18.9875

CP018 9.1238 486.6026 -1.46144 3.58 -5.04 CP1437 -16.8456

CP017 9.0001 480.0053 -1.291741 -4.87 CP0433 -6.1129

CP224 9.1032 485.504 1.182198 -2.40 CP0466 -22.3006

mean 9.198 490.56 -1.385166 -4.97 mean -16.0617

Serpula
lacrymans U

CP051 7.6619 408.6346 -0.01937 -3.60 CP1436 -12.5217

CP228 9.2379 492.688 3.744941 3.58 0.16 CP0427 -21.7926

CP049 7.7837 415.1306 0.10308 -3.48 CP0429 -3.3697

CP234 9.0244 481.3013 3.960592 0.38 CP0118 -24.7144

mean 8.426975 449.4386 1.947311 -1.64 mean -15.5996

Coniophora
puteana U

CP217 9.0812 484.3306 2.131278 -1.45 CP0425 -29.7269

11E CP222 8.7866 468.6186 1.847910 3.58 -1.73 CP0370 -28.6052

CP221 9.1479 487.888 0.972940 -2.61 CP0117 -33.5703

CP232 8.981 478.9866 1.980844 -1.60 CP0445 -35.9100

mean 8.999175 479.956 1.733243 -1.85 mean -31.9835

Coniophora
puteana U

CP214 8.9494 477.3013 1.713523 -1.87 CP0102 -23.7720

BAM15 CP236 9.0895 484.7733 3.420466 3.58 -0.16 CP0392 -31.8267

CP012 9.3492 498.624 -3.238516 -6.82 CP0382 -28.5357

CP218 9.4195 502.3733 2.98161 -0.60 CP0253 -29.4135

mean 9.2019 490.768 1.219271 -2.36 mean -28.3870

Table 13.  Corrected weights of Uradil treated pine, calculated on the basis of
(m3-m1)/m0
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Even for the modified calculation method, the moisture content (i.e. correction value) of the
unexposed samples (Tables 10 and 11) showed a wide variation, with standard errors of up
to 2.5.  This renders the usual cut-off point for acceptance of block weight losses (3%)
unusable, as the confidence interval would be very broad and little statistical significance
could be attributed to any pass/fail classification.  

The standard makes provision for this problem in Note 2 of section 8.6.2, relating to
creosotes at high concentrations, where there is a similar issue with high uptake of
preservative and variable degrees of losses due to determination of moisture content by
heating.  The note recommends visual examination for surface and internal attack by the
fungus, and allows for this to be reported in addition to the numerical data, see below.  

It should also be noted that the Uradil treated pine blocks and the rapeseed oil treated pine
blocks gained mass after conditioning and oven drying, which may mean that moisture is
trapped into the block by formation of an impermeable skin by cross linking of the oils, or it
may relate to mass gain due to oxidation of the oil to form this skin.  It was also observed
that some blocks lost resin during oven drying as the high temperature mobilised the oil or
resin by reducing viscosity.  The extent to which either or both of these processes affected
individual blocks varied, so the uncorrected data are presented graphically below (Figure 4-
13), as a correction factor might unnecessarily add further distortion to the data values.  

Trametes versicolor  decay in pine
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Figure 4.  Weight loss data for Corsican pine blocks exposed to Trametes versicolor.
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Trametes versicolor  decay of beech, initial batch
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Figure 5.  Weight loss data for beech blocks exposed to Trametes versicolor

Trametes versicolor  decay of beech
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Figure 6.  Weight loss of beech blocks exposed to Trametes versicolor, repeat experiment
using plastic mesh supports.

The original results for Trametes versicolor were poor (Figure 4 and 5), and the low weight
loss of the control samples (2.42% for Corsican pine, 3.73% for beech) indicates that the
culture was not growing correctly.  This may relate to problems controlling the humidity of
the chamber in which the jars were kept, or to late addition of blocks behind the growth
front of the fungus.  The experiment was repeated for the beech blocks using a modified
method (Figure 6).  Polypropylene mesh was used to support the blocks, allowing a shorter
distance for the fungus to travel to contact the blocks, as studies (Kleist et al. 1998, IRG/WP
98-201361) have shown that Trametes versicolor is unable to detect wooden substrates if it
is introduced behind the growth front of the mycelium.  The weight loss by control blocks
during the repeat test were higher, indicating that the fungus was growing healthily and able
to find and decay the blocks (Table 14, corrected data is also presented in Appendix A). 

                                                

1 Kleist G. M.-T. Lenz and R.-D. Peek (1998) Effects of the specimen position on fungal colonisation and
wood decay in EN113 test fungi, IRG/WP 98-20136.



201

The weight losses by Uradil treated blocks and linseed oil treated blocks were lower than
that by rapeseed oil treated blocks.

Beech Uradil Linseed oil Rapeseed oil

Moisture
content (%)

Weight
change
(%)

Moisture
content (%)

Weight
change
(%)

Moisture
content (%)

Weight
change
(%)

Trametes
versicolor

CTB 863A

20.76

37.44

-5.53

-22.50

19.03

37.24

-6.10

-21.23

16.17

41.96

-12.55

-18.60

Table 14.  Uncorrected mass loss values for treated beech blocks exposed to Trametes
versicolor. 

The majority of  the brown rot fungi performed well, giving consistent mass loss in the
control specimens.  However Gloeophyllum trabeum showed some degree of variability in
the weight loss by control specimens, most of which were too low, indicating that the
fungus was poorly established, so these results should be taken as indicative rather than
definitive.  G. trabeum performed better in beech than in pine, as expected.  In both cases
the Uradil treated timber showed good decay resistance over the 16 weeks of the test.

Gloeophyllum trabeum  decay
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Figure 7.  Weight loss by Corsican pine exposed to Gloeophyllum trabeum.
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Gloeophyllum trabeum  decay
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Figure 8.  Weight loss of beech blocks exposed to Gloeophyllum trabeum.

Beech blocks treated with Uradil resin and with rapeseed oil gave acceptable weight losses
when exposed to both Coniophora puteana strains (Figure 9).  The variability in weight loss
in linseed oil blocks is likely to relate to the oil bleed during drying, rapeseed oil treated
blocks were much less susceptible to oil bleed.  Similar scatter is seen in the Uradil treated
pine data.

Coniophora puteana  decay
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Figure 9.  Weight loss by beech blocks exposed to Coniophora puteana 11E and BAM15
strains.

The Uradil treated pine performed better than the linseed oil and rapeseed oil treated wood
when exposed to the three main brown rot fungi – Coniophora puteana (Figure 10); Poria
placenta (Figure 11) and Serpula lacrymans (Figure 12).  Performance was also good
during exposure to Lentinus lepideus (Figure 13), where rapeseed oil treated timber also had
a low weight loss.
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Coniophora puteana  decay
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Figure 10.  Weight loss by Corsican pine blocks exposed to Coniophora puteana 11E and
BAM15 strains.

Poria placenta  decay
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Figure 11.  Weight loss by Corsican pine exposed to Poria placenta.

Serpula lacrymans  decay
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Figure 12.  Weight loss by Corsican pine blocks exposed to Serpula lacrymans.

Lentinus lepideus  decay
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Figure 13.  Weight loss by Corsican pine blocks exposed to Lentinus lepideus.

It can be seen that there was a net weight gain for the Uradil treated pine samples after
exposure to Coniophora puteana, Poria placenta, Gloeophyllum trabeum and Serpula
lacrymans.  The blocks were intact at the end of the test, however during drying in the oven,
unpolymerised resin from within the block seeped out of the block surfaces.  This ought to
have resulted in a weight loss, as up to 1.34 grams of resin was gathered in the dishes used
for drying the sets of blocks.  However, calculation of mass balance including this seeped
resin indicated a net gain of up to 5.87% for Uradil treated blocks.  For oil treated blocks
there was still a net mass loss when resin seepage is included in the calculation, this was up
to 8.3% for linseed oil treatment, and up to 9.5% for rapeseed oil treatment.  

The weight gain seen for Uradil treated wood must instead relate to incomplete drying of
the blocks during the test, similar to that observed for the non-exposed control blocks.  It
should be noted that the treated blocks were not oven dried before exposure to fungi to
avoid any alteration to the decay resistance by this additional process.  It was assumed that
the treatment at 180°C or 200°C would have removed all moisture from the blocks.  It is
most likely that during the long exposure to fungi in a high humidity environment there is
substantial moisture uptake by the blocks, and in some cases fungi will assist transport of
moisture into the wood (e.g. Coniophora puteana).  During drying, moisture may become
trapped by new resin film which forms on the block surface by oxidative polymerisation,
accelerated by the heating process.  Similar resin film formation was observed in the first
year experimental work with helium pycnometry, where impermeable resin film formation
altered density measurements by trapping air pockets within the blocks.

Visual examination for block decay
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Uradil treated pine blocks from all experiments were all intact at the end of exposure to
fungi.  The surface coating of mycelium (plate 13) was removed before weighing and oven
drying.  After drying, the surfaces of the blocks were coated in seeped and polymerised
resin.  Only the Coniophora puteana and Gloeophyllum trabeum blocks had any remaining
traces of mycelium adhered to the surface, the other blocks had easily been cleaned of
mycelium on removal from the jars.  By comparison, the untreated control blocks showed
clear signs of decay.  Control blocks from Gloeophyllum trabeum and Coniophora puteana
exposure had brown staining on the surface upon removal from the jars (plate 13 and 14),
and developed cross cracking during oven drying (plate 15).  

Plate 13.  Blocks exposed to Coniophora puteana (11E) at end of test.  Both the Uradil
treated (left) and the control block (right) were coated in mycelium.

Plate 14.  The same blocks after removal of the mycelium, showing the Uradil treated block
virtually intact (left) and the heavy staining on the control block (right).
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Plate 15.  Uradil treated (left) and control (right) blocks after oven drying.  

Coniophora puteana has caused significant shrinkage and distortion of the control block
(plate 15) but Uradil treated pine retains its original dimensions.  Similar effects were
observed for linseed and rapeseed oil treated blocks.  None of the oil treated blocks showed
any cross cracking or other signs of loss of material from the cell walls.  

The linseed oil treated pine blocks also had polymerised oil on the surface due to seepage
during drying.  These blocks showed slight darkening due to exposure to Coniophora
puteana, but no changes for the other fungi.  Again the control blocks showed a much
greater extent of decay either in the presence of cross cracking or their withered appearance.

The rapeseed oil treated pine blocks were all physically intact, but did show some light or
dark patches due to contact with Serpula lacrymans and Coniophora puteana.  The end
grain of the blocks from most fungal exposure had significant quantities of mycelium still
attached.  The untreated control blocks from Serpula lacrymans and Poria placenta tests
shrunk during drying (plates 16 and 17).  Uradil and linseed oil treated blocks did not have
the patchy appearance that the rapeseed oil treated blocks developed.
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Plate 16.  Uradil treated pine block (left) and control block (right) after oven drying.  The
control block has shrunk due to decay whereas the Uradil treated block retained its original
dimensions.
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Plate 17.  Uradil treated pine (left) and control block (right) after exposure to Poria placenta
and oven drying.  The treated block retained its original dimensions, but seeped,
polymerised resin is visible at the base of the block.  The control block has shrunk due to
decay.

Beech blocks

All the treated beech blocks were also intact after fungal exposure.  The blocks exposed to
Trametes versicolor had patches which were slightly lighter where the fungus had made
good contact with the block.  This was more severe in linseed oil treated and rapeseed oil
treated blocks (plate 18) than in Uradil treated blocks.  The untreated control blocks were
bleached by exposure to Trametes versicolor and showed signs of fibrillation of the block
surface.
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Plate 18.  Rapeseed oil treated beech block (left) with a bleached area on the top face due to
onset of attack by Trametes versicolor.

The treated beech blocks exposed to Coniophora puteana showed some darkening,
especially on the end grain (Plate 19), but were otherwise unaffected by the fungus.  The
Gloeophyllum trabeum exposed treated beech blocks were also difficult to clean, but had no
sign of decay.  Untreated beech blocks exposed to these brown rot fungi were stained in
patches, and some showed cracking on the surface.  None of these symptoms were seen in
the Uradil treated or the oil treated specimens.
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Plate 19.  Uradil treated beech block (left) and control (right).  The shrinkage effect is less
visible than in the pine control blocks, however cross cracking and small dimensional
changes have occurred.  All treated beech blocks retained their original shape and size.
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Work Package 4:  Pilot Scale Optimisation and Production of Test
Material (Large Scale)

OVERVIEW

No material was supplied from the scale-up process.

Work Package 5:  Evaluation of properties, in service testing and
demonstration (Large Scale)

OVERVIEW

No input required to this section.

Work Package 6:  Benchmarking, best practice guidance and
dissemination

OVERVIEW

Discussions at previous meetings have contributed towards the understanding required for
best practice guidance, and this process will continue as this work package begins in
earnest.  It is important that dissemination occurs at the correct time, to best harness any
publicity or public interest.  Scientific papers and journal articles will be produced when the
consortium agree it is appropriate.

Work Package 7:  Project administration

OVERVIEW

UWB has attended all meetings held to date, those being held in Wageningen (Netherlands)
and at AJ Charltons & Sons / East Brothers (UK) in the first project year, and at Foreco / De
Jong (Netherlands) in the second project period.  The RTD contributors (SHR, BRE and
UWB) met in Wageningen during the second year to discuss oil stability and peroxide or
metal driers as options to promote early curing within the wood.  Various other informal
meetings, and regular email contact has allowed transfer of ideas and prompted
development work.
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Appendix 1:  EN113 data for each fungus and treatment.

Fungus Oil
Specim
en

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Poria
placenta U CP009 9.6763 516.0693 -2.1593 -5.74 CP0365 -27.7583

 CP216 9.4443 503.696 -1.9672 3.58 -5.55 CP0098 -23.1493

 CP227 8.7629 467.3546 5.3508 1.77 CP0251 -29.6249

 CP213 9.4146 502.112 3.2955 -0.29 CP0410 -30.0334

        

  mean 9.3245 497.308 1.1300  -2.45 mean -27.64

 L CP358 8.0572 429.7173 -3.5188  0.44 CP0371 -31.5466

 CP353 9.5696 510.3786 -2.9524 -3.96 1.01 CP0104 -26.4661

 CP279 8.1199 433.0613 -6.2031  -2.24 CP0387 -27.9277

 CP288 7.4674 398.2613 -3.3754  0.58 CP095 -100.000

        

  mean 8.3035 442.8546 -4.0124  -0.05 mean -46.49

 R CP267 9.0185 480.9866 -1.0843  -2.44 CP0373 -19.2325

 CP264 8.8254 470.688 -2.7238 1.36 -4.08 CP0388 -31.6995

 CP256 9.4742 505.2906 -4.3722  -5.73 CP0386 -23.9333

 CP278 9.3662 499.5306 -0.5653  -1.93 CP0397 -17.2443

        

  mean 9.1711 489.124 -2.1863  -3.55 mean -23.03
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Fungus Oil
Specim
en

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Lentinus
lepideus U CP220 9.5649 510.128 -3.9697 -7.55 CP0439 -18.9875

 CP018 9.1238 486.6027 -1.4614 3.58 -5.04 CP1437 -16.8456

 CP017 9.0001 480.0053 -1.2917 -4.87 CP0433 -6.1129

 CP224 9.1032 485.504 1.1822 -2.40 CP0466 -22.3006

        

  mean 9.198 490.56 -1.3852  -4.97 mean -16.06

 L CP289 7.3384 391.3813 -4.3584  -0.40 CP0462 -12.0579

 CP291 9.1221 486.512 -9.6947 -3.96 -5.74 CP0447 -12.2594

 CP351 9.492 506.24 -9.1160  -5.16 CP1432 -10.1084

 CP283 8.379 446.88 -12.0361  -8.08 CP0430 -3.1305

        

  mean 8.5829 457.7533 -8.8013  -4.84 mean -9.39

 R CP267 9.0185 480.9867 -1.0844  -2.44 CP0366 -10.9453

 CP264 8.8254 470.688 -2.7238 1.36 -4.08 CP0457 -12.4754

 CP256 9.4742 505.2907 -4.3722  -5.73 CP0463 -9.8858

 CP278 9.3662 499.5307 -0.5653  -1.93 CP0437 -8.1830

        

  mean 9.1711 489.124 -2.1864  -3.55 mean -10.37
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Fungus Oil Block

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Coniophor
a puteana U CP217 9.0812 484.3307 2.1313 -1.45 CP0425 -29.7269

11E CP222 8.7866 468.6187 1.8479 3.58 -1.73 CP0370 -28.6052

 CP221 9.1479 487.888 0.9729 -2.61 CP0117 -33.5703

 CP232 8.981 478.9867 1.9808 -1.60 CP0445 -35.9100

        

  mean 8.9992 479.956 1.7332  -1.85 mean -31.95

 L CP302 9.5745 510.64 -4.0674  -0.11 CP0432 -20.6777

 CP362 8.834 471.1467 -9.2439 -3.96 -5.29 CP0403 -32.7761

 CP360 8.9043 474.896 -13.7981  -9.84 CP0438 -38.8178

 CP354 9.1291 486.8853 -9.0945  -5.14 CP0394 -28.7582

        

  mean 9.1105 485.892 -9.0510  -5.09 mean -30.26

 R CP421 9.2403 492.816 -7.6048  -8.96 CP0112 -30.2128

 CP276 6.8604 365.888 -7.5154 1.36 -8.88 CP0470 -28.5000

 CP262 8.5639 456.7413 -3.9682  -5.33 CP0393 -17.5997

 CP418 9.0777 484.144 -8.6103  -9.97 CP0465 -30.9712

        

  mean 8.4356 449.8973 -6.9247  -8.28 mean -26.82
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Coniophor
a puteana U CP214 8.9494 477.3013 1.71352 -1.87 CP0102 -23.7720

BAM15 CP236 9.0895 484.7733 3.4205 3.58 -0.16 CP0392 -31.8267

 CP012 9.3492 498.624 -3.2385 -6.82 CP0382 -28.5357

 CP218 9.4195 502.3733 2.9816 -0.60 CP0253 -29.4135

        

  mean 9.2019 490.768 1.2193  -2.36 mean -28.39

 L CP287 6.9393 370.096 -1.3018  2.66 CP0399 -20.6507

 CP281 9.2242 491.9573 -0.2183 -3.96 3.74 CP0377 -34.1069

 CP296 8.6884 463.3813 -9.4044  -5.45 CP0096 -28.6834

 CP355 8.5845 457.84 -14.7064  
-

10.75 CP0252 -26.1277

        

  mean 8.3591 445.8187 -6.4077  -2.45 mean -27.39

 R CP261 9.1029 485.488 -2.0034  -3.36 CP0409 -24.3242

 CP260 8.2069 437.7013 -4.6384 1.36 -6.00 CP0398 -24.0946

 CP273 8.9097 475.184 -2.7337  -4.09 CP0097 -27.3250

 CP269 8.7489 466.608 -4.8872  -6.25 CP0378 -30.9622

        

  mean 8.7421 466.2453 -3.5657  -4.93 mean -26.68
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Fungus Oil Block

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Serpula
lacrymans U CP051 7.6619 408.6347 -0.0194 -3.60 CP1436 -12.5217

 CP228 9.2379 492.688 3.7449 3.58 0.16 CP0427 -21.7926

 CP049 7.7837 415.1307 0.1031 -3.48 CP0429 -3.3697

 CP234 9.0244 481.3013 3.9606 0.38 CP0118 -24.7144

        

  mean 8.4270 449.4387 1.9473  -1.64 mean -15.60

 L CP301 8.8684 472.9813 -0.6523  3.31 CP0453 -39.7609

 CP295 8.7878 468.6827 1.0175 -3.96 4.98 CP0448 -24.1027

 CP298 7.1315 380.3467 -8.1606  -4.20 CP0443 -22.6939

 CP293 9.3527 498.8107 -18.5688  
-

14.61 CP1429 -27.1812

        

  mean 8.5351 455.2053 -6.5910  -2.63 mean -28.43

 R CP419 9.0805 484.2933 -10.8642  
-

12.22 CP1443 -13.6643

 CP415 8.8724 473.1947 -5.07103 1.36 -6.43 CP0369 -5.9661

 CP271 8.5928 458.2827 -9.4727  
-

10.83 CP0455 -38.6839

 CP268 8.8713 473.136 -4.3860  -5.75 CP1438 -11.0871

        

  mean 8.8543 472.2267 -7.4485  -8.81 mean -17.35
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Fungus Oil Block

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Gloeophyll

um
trabeum U CP011 9.5092 507.1573 -2.4626 -6.05 CP0249 -1.5809

108E CP010 9.4325 503.0667 -1.3428 3.58 -4.93 CP0389 -9.3192

 CP226 9.2277 492.144 5.5070 1.92 CP0375 -1.3761

 CP233 8.8558 472.3093 6.2867 2.70 CP0254 -1.4265

        

  mean 9.2563 493.6693 1.9971  -1.59 mean -3.43

 L CP356 8.7517 466.7573 -2.3822  1.58 CP0119 -5.5622

 CP357 9.058 483.0933 -4.5809 -3.96 -0.62 CP0381 -13.3705

 CP290 8.8868 473.9627 -7.5370  -3.58 CP0113 -9.8181

 CP284 9.7499 519.9947 -14.9697  
-

11.01 CP0115 -12.8724

        

  mean 9.1116 485.952 -7.3674  -3.41 mean -10.41

 R CP275 8.1204 433.088 0.3833  -0.98 CP0101 -2.6930

 CP266 8.0102 427.2107 1.6623 1.36 0.30 CP0376 -7.1448

 CP270 9.1593 488.496 -0.6305  -1.99 CP0405 -0.0166

 CP259 9.1132 486.0373 0.0255  -1.33 CP0402 -1.6452

        

  mean 8.6008 458.708 0.3602  -1.00 mean -2.87
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Fungus Oil Block

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Coniophor
a puteana U BE134 8.3984 447.9147 -2.6372 -0.73 BE0124 -37.5997

11E BE138 7.4534 397.5147 -7.3039 -1.91 -5.40 BE1152 -39.7952

 BE137 7.146 381.12 -2.9290 -1.02 BE0151 -19.8287

 BE140 7.6113 405.936 -5.0019 -3.09 BE1156 -24.8916

  mean 7.6522 408.1213 -4.4680  -2.56 mean -30.53

 L BE025 7.9794 425.568 -1.7008  -0.65 BE0140 -39.7506

 BE015 6.5137 347.3973 -5.6052 -1.05 -4.55 BE0075 -37.2413

 BE022 6.1839 329.808 -13.7313  
-

12.68 BE0155 -34.7656

 BE024 6.2131 331.3653 -6.2085  -5.16 BE0143 -35.4428

  mean 6.7225 358.5347 -6.8115  -5.76 mean -36.80

Coniophor
a puteana U BE139 7.1559 381.648 -1.8229 0.09 BE0125 -29.8795

BAM15 BE133 7.6066 405.6853 -4.3869 -1.91 -2.48 BE1148 -35.3630

 BE142 7.6905 410.16 -4.4444 -2.54 BE0158 -31.5742

 BE136 7.4246 395.9787 -5.2093 -3.30 BE0145 -33.3034

  mean 7.4694 398.368 -3.9659  -2.06 mean -32.53

 L BE021 6.8763 366.736 1.3077  2.36 BE0138 -32.2071

 BE031 7.7996 415.9787 -14.5137 -1.05
-

13.46 BE0163 -38.4284

 BE028 7.4207 395.7707 -5.2529  -4.20 BE1154 -29.5782

 BE018 6.1911 330.192 -8.0301  -6.98 BE1145 -32.3936

  mean 7.0719 377.1693 -6.6222  -5.57 mean -33.15

 R BE088 7.6612 408.5973 -4.2094  -2.82 BE0134 -29.9437

 BE101 7.6227 406.544 -9.5010 -1.39 -8.11 BE0161 -32.1481

 BE108 7.1021 378.7787 0.1720  1.56 BE0148 -32.1083

 BE089 7.7386 412.7253 -2.6875  -1.30 BE1146 -33.7371
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  mean 7.5312 401.6613 -4.0565  -2.67 mean -31.98

Fungus Oil Block

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Trametes
versicolor U BE004 5.3422 284.9173 -3.7803 -1.87 BE0083 -5.8756

CTB863A BE008 6.3409 338.1813 -3.1380 -1.91 -1.23 BE0126 -14.5214

 BE003 5.7127 304.6773 -1.1828 0.73 BE0149 -7.5629

 BE011 5.536 295.2533 -3.4707 -1.56 BE0135 -17.5811

        

  mean 5.7323 305.7573 -2.8930  -0.98 mean -11.39

 L BE014 6.7803 361.616 1.0825  2.13 BE0080 -2.5689

 BE017 6.9351 369.872 1.3019 -1.05 2.35 BE0064 -16.4034

 BE027 7.3589 392.4747 2.1675  3.22 BE0146 -2.7261

 BE033 7.9505 424.0267 1.3887  2.44 BE0079 -4.7851

        

  mean 7.2562 386.9973 1.4852  2.54 mean -6.62

 R BE105 7.6108 405.9093 -4.5532  -3.17 BE0081 0.4136

 BE094 7.6129 406.0213 -2.3943 -1.39 -1.01 BE0074 0.3232

 BE091 7.6214 406.4747 -6.5665  -5.18 BE0117 -1.3280

 BE098 6.7406 359.4987 -4.2709  -2.88 BE0073 -14.3262

        

  mean 7.3964 394.476 -4.4462  -3.06 mean -3.73
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Fungus Oil Block

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Trametes
versicolor U BE057 7.3638 392.736 -3.4554 -1.55 BE0184 -22.2383

CTB863A BE055 6.2277 332.144 -9.6252 -1.91 -7.72 BE0192 -26.4382

repeat BE058 8.3267 444.0907 -4.7636 -2.86 BE1151 -17.7563

 BE056 7.1239 379.9413 -4.3018 -2.39 BE0186 -23.5699

        

  mean 7.2605 387.228 -5.5365  -3.63 mean  

 L BE023 6.5075 347.0667 -5.5941  -4.54 BE0160 -21.6615

 BE026 8.0029 426.8213 -4.0307 -1.05 -2.98 BE0188 -17.4871

 BE036 7.3659 392.848 -7.2030  -6.15 BE0191 -21.5245

 BE034 7.7262 412.064 -7.5861  -6.53 BE1153 -24.2510

        

  mean 7.4006 394.7 -6.1035  -5.05 mean  

 R BE107 7.0247 374.6507 -9.3986  -8.01 BE0166 -14.2098

 BE106 7.3273 390.7893 -11.7533 -1.39
-

10.37 BE0162 -18.0734

 BE092 7.6793 409.5627 -13.9137  
-

12.53 BE0182 -18.0589

 BE086 7.59 404.8 -15.1193  
-

13.73 BE0164 -24.0627

        

  mean 7.4053 394.9507 -12.5462  
-

11.16 mean  
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Fungus Oil Block

Uptake
of oil
(g)

Oil
retention
(kg/m3)

Uncorr.
mass loss
(%)

Corre
ction
value

Corr.
mass
loss
(%)

Control
specimen

Uncorr.
mass loss
(%)

Gloeophyll

um
trabeum U BE005 5.2114 277.9413 -4.0179 -2.11 BE0069 -16.1398

108E BE012 5.9812 318.9973 -5.5866 -1.91 -3.68 BE0130 -3.4892

 BE002 5.9875 319.3333 -0.1641 1.74 BE0127 -20.1841

 BE007 5.2984 282.5813 -4.7374 -2.83 BE0120 -4.8052

        

  mean 5.6196 299.7133 -3.6265  -1.72 mean -11.15

 L BE013 5.9437 316.9973 -2.8296  -1.78 BE0132 -2.9897

 BE019 6.7959 362.448 -0.4556 -1.05 0.60 BE0066 -11.1795

 BE020 6.941 370.1867 -6.4363  -5.38 BE0109 -8.0312

 BE032 7.9732 425.2373 -2.2281  -1.18 BE0123 -9.7487

        

  mean 6.9135 368.7173 -2.9874  -1.94 mean -7.99

 R BE097 7.5151 400.8053 -8.9352  -7.55 BE0070 -1.5886

 BE102 7.6061 405.6587 -8.8755 -1.39 -7.49 BE0062 -1.3918

 BE093 7.4013 394.736 -5.7199  -4.33 BE0082 -19.7791

 BE087 7.3476 391.872 -9.6092  -8.22 BE0116 -5.7153

        

  mean 7.4675 398.268 -8.2850  -6.90 mean -7.12

Tables A1-A8 calculation of corrected mass loss values, using the formula (m3-m1)/m0,
modified from the EN113 standard formula to accommodate resin saturation issues.
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4. PROJECT MANAGEMENT AND COORDINATION

Second reporting period

Minutes of the ECOTAN meeting – 3 –

Held at Foreco  and  at Dingeman de Jong   27th-28th April 2004

27th April ’04:

Present:

Peter Charlton (Charltons)

Peter Swager (Foreco)

Berend Jan Horstman (Foreco)

Dingeman De Jong (De Jong)

Bôke Tjeerdsma (SHR)

Waldemar Homan (SHR)

Dennis Jones (BRE)

Morwenna Spear (Bangor)

Callum Hill  (Bangor)

Steven Wright (George Barnsdale)

Andrew East (Easts)
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Agenda:

12:00 Arrival at Foreco – Welcome (Peter Swager)

12:10 Demonstration treatment batch part 1: filling and heating up  (Berend-Jan Horstman, 

Peter Swager)

13:00 Lunch 

13:45 Overview design and building of the pilot plant installation (Berend-Jan 

Horstman, Peter Swager, Bôke Tjeerdsma)

14:15 Work at BRE (Dennis Jones)

14:45 Work at SHR (Boke Tjeerdsma 

15:10 Coffee / Tea

15:40 Work at Bangor university (Callum Hill, Morwenna Spear)

16:10 Demonstration treatment batch part 2: cooling down and opening of the reactor,
inspection 

of the treated timber  (Berend-Jan Horstman, Peter Swager)

17:30 Close of first day

28th April ’04:

09:00 Work by other partners

09:30 Planned work for next period (Peter Swager, Boke Tjeerdsma + all)

10:30 Tea / Coffee

11:00 Mid-term report and cost statements (Bôke Tjeerdsma, all)

11:30 Travel to Dingeman de Jong

12:50 Lunch

13:45 Tour of Dingeman de Jong (Dingeman de Jong))

15:00 End of meeting



224

MINUTES

Before the start of the meeting, Peter Swager welcomed everyone to the meeting.

Boke Tjeerdsma gave an overview of the construction and development of the treatment
plant. The insulation of the tanks was carried out with 10cm thick rockwool.

The first treatment trial with wood was planned for when the meeting was ongoing. Tests
had already been carried out with water.

The reactor has a 900L capacity, and can take timber lengths up to 2.7 metres. It is intended
to create test material for trials by the various partners (including outdoor exposure).

The risks associated with hot oil treatments were discussed (e.g. the fire at MenzHolz) – this
was explained as being due to an electrical fault, and not linked to the hot oil process.

The amount of oil used in the treatment will depend upon the wood species being treated
and the impregnation levels (for spruce can expect figures of up to 40 kgm-3). Beech and
pine will both have very high uptake figures.

Andrew East asked about the capital cost compared to a traditional preservation plant (e.g.
Tanalith), and Peter Swager said that it was more expensive. Much of the costs would
depend upon the vacuum system and heating requirements, if these are already in place then
there will be a considerable reduction in costs. It was suggested that the set-up costs were
around €1 million. This compared to the original Plato treatment plant, which cost around
€20 million to set up.

Boke Tjeerdsma gave a presentation on the work at SHR. Among the items discussed was
the work ongoing with pre-cooked linseed oil. It was hoped that this would be capable of
polymerising quicker than ordinary oil, and SHR were looking into this. The samples under
test were impregnated with linseed, and Callum Hill asked if there was likely to be any
problem with mould growth, especially in winter.

Work had also been carried out whereby ENV807 samples were cut from larger blocks, so
that it would be possible to look at the level of treatment through the larger blocks.
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It was reported that the treatments with UZA showed shrinkage results comparable to
untreated wood (12% mc), that is 2% radial and 4% tangential shrinkage. The use of PEG
can reduce these shrinkage values.

There was an interest in abrasion tests, and it was asked if this could be done at BRE
(should be possible).

Morwenna Spear then spoke of work at Bangor. Results on the extraction of uradil
suggested that higher molecular weights were noted compared to the original material.
When oils such as linseed or rapeseed were used, the molecular weights were unchanged.

It was also suggested there may be a problem with the treatment of high moisture content
samples causing collapse (samples seem to be susceptible to pressure).

Dennis Jones then spoke of the work at BRE. Durability testing was ongoing and there was
the intention of getting more material treated by SHR for subsequent testing. Samples of
finger jointed material that had then been hot oil treated were shown. The adhesive line had
survived the treatment, and this offered great potential to all partners.

Stephen Wright then indicated the requirements of Barnsdales. There was a high interest in
joinery, and it was suggested that profiling prior to treatment would be more practical (less
loss of treated material, and ensuring a thorough and equivalent ‘all-over’ treatment). It was
suggested that for some joinery uses, there would be only a limited risk of damage. As for
which species to use, it would be interesting to consider several different species (Boke
Tjeerdsma also pointed out that cost aspects should be considered). The presence of knots
would depend on the aesthetics of a given product. At Barnsdales, there is a trend to use
redwood heartwood (finger jointed) for a majority of joinery products.

East Brothers has a lot of interest in fencing, reported Andrew East. Currently, this tends to
be made from Corsican pine, though Douglas fir may also be used.

Peter Charlton said that the main interest for Chaltons was with gate manufacture, and
Scandinavian whitewood tended to be the main material used. The major criteria for gates
was the appearance, if the customer was not happy with the appearance, then sales would
diminish. At present there was no real concern over timber species used for gate
manufacture. However there could be an issue with posts used for mounting gates, as these
had to be made form a more durable material than the gates themselves. It was suggested
that there could be a variation in material used.
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It was suggested that Silver fir could be a material of interest. This was available in large
amounts form FSC / PEFC sources. However, whilst there was a lot of material on the
market, it was not a durable species. Because of this, spruce tended to be more favoured of
the two species. Currently, Foreco have a supply of fir that may be considered within this
project.

The issue of the treatability of pine heartwood was raised, as was the treatability of poplar.
Stephen Wright said that poplar was used for window frame manufacture. Stephen Wright
asked Andrew East about the quality of Corsican pine used, and it was pointed out that
finger jointing could be employed. The presence of high resin content should not be an
issue, as this should be removed during the hot oil treatment. As for the overall cost, there
were a lot of factors (e.g. amount of finger jointing, oil uptake etc.).

The idea of using lower quality oak for gate manufacture was discussed. There should be no
concerns over durability of material, and the treatment should help to reduce any movement.
For gate manufacture, the largest cross sectional dimensions of timber currently used by
Charltons was 75 x 125mm.

For the work programme, it was recommended that 3 different products be produced:

- Joinery

- gates

- Garden equipment.

These should be produced using 3 different timber species.

The following actions were recommended for the industrial partners:

Easts: supply of Corsican pine for use, some material to be finger jointed. Material supplied
to be in clean and blue format.

Dingeman de Jong: material for door frames and cladding, or supply material requirements.

Charltons: send spruce in cut, pre-formed and machined formats. Also to send some
Austrian (silver?) fir. Could also send some oak

Barnsdales: send joinery profiles
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Will be necessary to check availability carefully. The issue of stickering in the treatment
plant may need to be resolved.

The following materials were suggested for specific uses:

Norway spruce: gates

Austrian fir: fencing, playground / garden equipment

Corsican pine: fencing

Redwood heartwood: joinery

Sitka spruce: maybe for cladding

Material to be sent out as soon as possible (suggested in meeting by end May)

There could be a way of co-ordinating transport (esp. from UK to Netherlands).

In the afternoon of 28e of April all the partners travelled to Dingeman de Jong in
Noordeloos. for a tour at this production location. Mr de Jong gave a tour at his company,
showing different production lines of wooden sheds and other prefab building elements. 

End of the meeting.
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2. ACTION LIST

PARTNER Action Wood species Period

Foreco test trials  with pilot installation several, spruce, silver fir,
birch

July -august

Easts supply wood for test runs Corsican pine August

Easts supply wood finger jointing Corsican pine August

Dingeman wood testruns - cladding Spruce + ? August

Dingeman wood testruns – wood frames Spruce + ? August

Charltons supply wood for gates Spruce, (Austrian Silver
fir, Oak

August

Barnsdale pre-profiled joinery beams for treatment Scots pine + ? August

SHR, Bangor and BRE Meeting to plan research activities
coming period

August

SHR test trials  with pilot installation at
Foreco

several, spruce, silver fir,
birch

July -august

BRE Material testing treated samples July to ….

Bangor Analyses of treatment oil treated samples Mai to  …

Bangor small scale material testing treated samples Mai to  …
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Minutes Ecotan meeting: Dennis Jones and Bôke Tjeerdsma, SHR, 26-7-
04

These are discussion points only – please do not think we have made decisions on your
behalf !! 

1. report

Commission should be happy with report. DJ has printed copies from BT to hand out to UK
partners (also arrange electronic copy on CD?)

2. Duration

Due to development difficulties, it would be wise to extend the programme. DJ to discuss
with UK partners. Suggest idea of extending project by 9 months (though no extra funding).
This will also increase chance of industrial partners completing their work and everyone
else getting their funding. If 9 months accepted, new end date would be end Dec 2005.

3. Finance

The balance between RTD / SME time and budget after one year is fairly close.

4. Treatment of samples at SHR

Currently there are no fixed plans for treatments at SHR. It is hoped that all future work can
be carried out at Foreco’s plant. However this depends on the systems getting up and
running soon. There is a need to treat the alternative species to begin durability work. Also
DJ indicated the need for small scale work to be as close to work already tested (in other
words samples treated in Foreco’s reactor would also have to undergo durability testing etc
to show they produce similar results to those already achieved in MP2).

BT suggested that future EN113 work use samples cut from whole board. DJ said this
would reduce the effectiveness of the treatment (especially if assessing the polymerised oil
surface) – would be better if both methods were used  (pre-cut and post-cut samples).

BT said that for samples with very high oil uptake there may be curing difficulties. There
may be the need for a catalyst to assist in the curing step (and this would have to arranged
via DSM). An example would be the use of a peroxide at high temperature. This would have
to be carried out on MP2.

It was agreed that durability tests should be repeated on samples from Commercial plant
(Foreco’s), in order to show similar properties.

 Sending UK timber

BT suggested that the UK timber needs to be shipped as soon as possible. The first week of
August (!!) was suggested, but DJ would have to discuss this with UK partners.

DJ said that 2 weeks would be required for timber processing and a further week for
shipping, so it was agreed that first week September seemed more realistic. However the
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timber should arrive before Foreco are ready to begin work (do not want them to be left
‘twiddling thumbs’).

BT asked about the issue of quality of Scots pine likely to be supplied (based on
microcracking noted for material sent for thermal treatment). DJ pointed out this was from a
different source. Hopefully no problems would be encountered.

5. Work at Bangor

BT raised a few points that (he felt) needed to be followed up:

(a) the ageing of the oil

(b) oxidation aspects of the reaction

(c) why undertake biological / durability testing (since UWB system different from
SHR and Foreco system – would be difficult to compare data). Perhaps there was an
option for UWB to take some of the testing work from BRE (to help speed up the
project). BT also said that whilst UWB were the experts on trying to understand the
fundamentals of the process, the needs of Foreco and the other industrial partners
were driven by a process that worked (for whatever reason) and there may be a case
to reduce the level of fundamental work carried out.

It was suggested DJ would contact UWB with the idea of sharing some of the work load,
and possibly reducing some of the fundamental output. BT was to have followed this up
within 1-2 weeks.

DJ said there was a PiI meeting in Edinburgh on 19 August and that there may have been a
chance to hold Ecotan meeting at about this time (combine efforts). Idea not followed up –
insufficient time and CH on vacation anyway.

6. Work Plan for RTDs (based on DJ’s workplan – see Appendix)

Try to focus on large scale treatment for all test material of the species for:

(i) Norway spruce

(ii) Corsican pine

(iii) Austrian fir (instead of Douglas fir)

(iv) Birch or Sitka spruce

Another option would be Poplar instead of Scots pine.

The amount of material to be decided by partners (suggested treated and untreated material
come from same batch). Once amount decided add an extra 25% as precaution. Partners to
be consulted to determine their thoughts.

Timber sorting – not required at this stage, maybe later in the development stages.

Finger Jointing – suggest wait for Foreco to get up and running. At that stage do treatments
in same way as other projects (BT and DJ to check on current practices). Suggest this work
fits in with Barnsdale’s current practices (including species of choice).
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Need for green gluing  - to be decided at time of trial.

Use of fire retardants – to be considered later in the project.

Bio / durability – cut samples from larger pieces (could be way of testing homogeneity of
samples) for EN113 and EN807. Suggest involve Bangor.

7. RTD Plan

The following represented an overview of areas thought to be of importance (and basis of
this working document for further discussion).

Task SHR BRE UWB

1 Scale up process with
Foreco

Finger jointing Stability of oil

2 Receive large scale
timber from UK

Product demonstration Use of oxidising
agents

3 Treat materials and send
out to partners

Durability Some further
fundamental work

4 Contribute to web site Coatings Durability (with BRE)

5 Produce publication for
release in NL

Web site Strength properties
(instead of BRE?)

6 Fire testing Contribute to web site

7 UK publication Produce journal papers

8. Web-site

The following were discussed as bare minimum for setting up web site:

(i) Project summary

(ii) Partner details

(iii) Expected outcomes

(iv) Basic results

(v) Some pictures

DJ to gather info and get BRE publication dept. to produce basic page – to be done as soon
as possible. If possible want to avoid costs for web site hosting (do via BRE projects web
page).
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Appendix : Work plan summary (suggested by DJ)

Material supply (no specific order):

Sitka spruce

Norway spruce

Douglas fir

Corsican pine

Scots pine

Birch

Beech

(added later Austrian fir)

material sizes:

Pre-cut samples for EN113, EN807, EN252 (shortened if treated in MP2), weathering,
QUV, Coatings, mechanical properties .

Larger dimensions of up to 2.5 metre lengths:

Cross sectional area: 100x100mm, 50x150mm, 25x150mm.

Recommend Sitka spruce / Norway spruce / Corsican pine / Birch / Fir first series

Douglas fir / Scots pine / Beech second series

Original though on volume of material – at least 1 cubic metre. Industrial partners to
machine samples.

Material sorting – by BRE (include compression wood / visual grading)

Cost of transport – in kind by industrials 

Testing

Finger jointing – compare finger jointing before and after oil treatment.
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Before: dry and green material (rapid turnover)

After: need to consider machining aspects

Adhesive: PRF (dark brown – possible aesthetics issue), one component Polyurethane
(clear)

Suggest 1-C PU for dried samples. Want thermally stable adhesive (to be checked). 

Need to mechanically test bond line after treatment.

Fire testing – Onoging work should prove sufficient. Might want to include fire retardants.
Consider at later date, possibly after testing larger rig.

Product demonstration – cladding (at BRE)

Gates (at industrials)

Windows (at BRE / Barnsdales)

Work at SHR / Bangor (?)

Dimensional change (all)

Biological durability - test new samples

Should be enough in first instance

Establish critical levels of treatment (assistance from UWB)

(moisture exclusion?)

Machining aspects Results from SHR

Additional work at BRE  / industrials

Coatings Ongoing at BRE

Might be affected by VOC directives (if using oil based due to
possible substrate intolerance to water based coatings)

Consider potential of oil coating (e.g. linseed wiped onto
surface) as a finish.
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5. EXPLOITATION AND DISSEMINATION ACTIVITIES

Not yet relevant in this period of the project.

6. ETHICAL ASPECTS AND SAFETY PROVISIONS

No ethical or environmental problems occurred during the reporting period.
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