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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 an 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
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led to the 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:
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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 Evans, yielding a spirodilactone

seems hardly likely since the spiro-carbon could not be found back in 13C NMR at
approx 115 ppm. Nevertheless it should be kept in mind that this decarboxylation
occurs and hence the anhydride content can be substantially lower than calculated.

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

2. Process development
For the treatment of wood with the modified linseed oil (UZA) in the process 4 phases
have been distinguished: Impregnation, Dewatering, Heating and Post treatment. The
order of the different phases can change and some phases can be merged into one
phase. A flow chart of the process is shown in figure 1
Impregnation
Impregnation always is performed with UZA.  With the aim to penetrate the oil into
the wood structure, in order to bring the reactive oil in contact with the cell wall
material. If the UZA appears to be sensitive for long-term high temperature and/or
sensitive for extractives 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
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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
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
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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

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
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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
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.

(1) 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.

(2) 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

m0 – m1
WPG  =

mo
x 100 [%]                                      (1)
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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.

(3) 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) 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.

(4)  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
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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 the mass of the specimens gets increased by application of the oil-heat
treatments, since the extent in which the mass is increased depends on the dimensions
and wood species.
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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 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.

ENV 807
mass loss after 36 weeks 
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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.

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.
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Elasto-mechanical changes

Oil effect (RSO 200, LSO 200, UZA 200)

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
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(2001) and Yildiz et al. (2002) 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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Wood Protection by Chemical Modification

A. Hofland, DSM Coating Resins, Zwolle, the Netherlands
B. Tjeerdsma, SHR Hout Research, Wageningen, the Netherlands

As appears from the paper "Houtverduurzamers staan perplex van CTB-
besluit� (Wood preservation industry stunned by CTB decision) in the Dutch
journal Actueel [1]  the admission of chemical preservatives as wood preservers
will be severely restricted. Today wood is traditionally preserved by the use of
heavy metals, for example copper in combination with chromium. These metals
are applied as solutions, most of the time aqueous solutions. The use of copper
in the preservation process causes the wood to take a green colour. The heavy
metals preserve the wood for fungi, thereby preventing the rotting process.
Presently however the use of heavy metals has become more and more suspect,
from an environmental and health point of view. Therefore some governments
already prohibited the use of these metals in the past and the expectation is that
others will do so in the (near) future.

An alternative to the use of these heavy metals is the chemical
modification of the wood by means of anhydrides reacting with OH-groups of the
structural parts of the wood itself. Acetylation is an example of such a process
[2].

In order to understand the chemistry of this chemical wood-modification, it
is useful to know some more about the structural aspects of wood.Wood is the
solid part of trees [3]. Chemically speaking, it is basically composed by cellulose,
hemicellulose, lignin and minor amounts (from 5 to 10%) of non structural
materials:

Fig. 1. Generalized structure of wood.

Cellulose is by any means the major component (up to 50 % by weight) of
wood. It is a high molecular weight linear polymer consisting of long chains of 1
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to more than 4 α-linked glucose
monomers. Cellulose molecules
[4] are arranged into ordered
strands called fibrils, which in turn
are organized into the larger
structural elements that make up
the cell wall of wood fibers.                     Fig 2. Cellulose

Hemicelluloses are associated to cellulose and are branched, low-
molecular weight polymers composed of several different kinds of pentose and
hexose sugar monomers. They appear to act pretty much as �glue� among
cellulose fibrils and lignin structures and account for about 25-30 % of wood
weight.

 Lignin [5] constitutes roughly
15-30% of the wood by weight. It is a
three dimensional phenylpropanol
polymer and its structure and
distribution in wood are not fully
understood. In a general sense, it
appears to be concentrated on the
outside of wood cells and between
them having the function to bind those
units together.

Fig. 3 Lignine

The non structural organic components of the wood are generically called
�extractives� and include tannins, dyes, essential oils, resins, waxes etc. They
can be in fact extracted from wood with solvents and they are responsible for
many important wood properties, such as colour, odour, hygroscopicity and
flammability.

The inorganic components generally constitute 0,2 to 1,0 % of the wood.
Calcium, potassium and magnesium are the more abundant cations that
constitute this fraction.

As most people know, from the anatomical point of view wood is composed of
many small structural units, called wood cells, which differ from one another in
shape and size, in the thickness and surface of their walls, and in the ways they
are arranged:   
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The cavities  in the cells, luminia, can be empty or they may contain water or
other substances (gums, resins
or tyloses, sometimes
preventing the passage of liquid
water through these spaces).
The majority of wood cells are
considerably elongated and
pointed at the ends: these units
are called fibres or tracheids. In
addition to fibres, hardwoods
have cells of relatively large
diameter (approximatively from
about 0.01 to almost 0.1 mm,
depending on wood species)
known as vessels.
                                                        Fig 4. The anatomy of wood

Wood also has cells that are oriented horizontally from pith to bark: they conduct
sap radially across the grain and are called wood rays. In many cases, such as
for oak or beech wood, rays can be seen with a naked eye.

In most species living in temperate climates, the difference between wood that is
formed early in a growing season and the one formed later is sufficient to
produce well-marked annual growth rings. The inner part of the growing ring
(early wood) is characterized by cells having relatively large cavities and thin
walls.

Latewood cells have smaller cavities and thicker walls. For these reasons,
earlywood is lighter in weight, softer and weaker than latewood.

Because of the way trees grow, wood can be sawn according to three different
directions, exposing different surfaces and looks. The transverse or cross-
sectional surface is the one you see when you saw wood perpendicularly to
growth direction and it is the one you look at observing the end of a board or log.
Growth rings are evident and appear as part of a circle on this surface. The radial
surface is obtained splitting a log in half and clearly shows the vertical vessels
constituting wood. The tangential surface is tangent to the growth rings. It is
perpendicular to the direction of the wood rays and has a very characteristic and
pleasant look. Grain is caused by the growth rings, wood rays and other cell
structures. The grain runs in the direction of height growth of the tree.

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
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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.

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 [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:
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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

seems hardly likely since the spiro-carbon could not be found back in 13C NMR at
approx 115 ppm. Nevertheless it should be kept in mind that this decarboxylation
occurs and hence the anhydride content can be substantially lower than
calculated.

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

When treating wood with the aid of for example a brush a protective layer
is applied with only a part of the wood, depending on the kind of wood that is
used only a thin layer isbeing penetrated. In contrast with wood preservation by
means of for example the vacuum-pressure process, virtually all free space in the
wood can become filled with the treating fluid, upon which, for instance the
hydroxyl groups of the wood can react with the anhydride of the modifying agent.
The vacuum-pressure method is well-known in the wood preservation industry.
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Reference can for example be made to the Dutch  standard: NEN 2930 (January
1991). The requirements to be met by a wood preserver thus differs substantially
from those to be met by an impregnating agent applied with a brush.

Next to the anhydride functional resin the wood preserving system can
also contain small quantities of non-aqueous solvent to facilitate penetration into
the wood. The choice of non-aqueous solvent is not particularly critical as long as
the non-aqueous solvent dissolves the anhydride functional resin. It is preferred
to use a non-aqueous solvent that evaporates easily. The non-aqueous solvent
preferably has a low boiling point. It is more preferred to use ketones with a
relatively short carbon-chain. The use of an anhydride functional resin as a wood
modifier is illustrated in the following, non-limiting examples.

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.

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
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(NEN-EN252) up to class 1,  bending strength (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 = 100 x ( Sref - Str ) / Sref , S being defined as the percentage of shrink
reduction compared to untreated material,

S = 100 x (dmoist � ddry) / dmoist , dmoist being the dimension of the moisturized wood
an ddry being the dimension of the oven dried reference sample.
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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:

Fig. 7  Moisture take-up of pine (untreated and treated @ 200 °C) as a
function of relative humidity.

Moisture take up of pine

0

5

10

15

20

25

0 20 40 60 80 100

RH, %

W
ei

gh
t g

ai
n,

 %

treated
untreated



10

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.

1. 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).

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
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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:

Improvement in the performance of Scottish pine
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Fig 9. Improvement in the relative performance of Scottish 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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Fig. 9.  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. All this can be achieved
without the use of heavy metals.
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Abstract

The reaction of European timber species with a reactive oil (UZA) at elevated temperatures has been developed
and is being implemented at a semi-commercial scale. Evaluations of the oil and subsequent treatments have
been carried out, which show that the oil has reactive sites chemically bound to the fatty acid chains within the
oil. This allows the oil to act as a chemical modification agent, whilst the elevated temperatures result in a
thermal treatment process. Assessment of treated timber showed dramatic improvements in the durability, slight
to moderate reductions in mechanical properties, and reduced moisture uptake. Chemical assessment of the UZA
suggests the maleic anhydride reactive group has chemically bound to the unsaturated groups of the fatty acids
present.

Introduction

This work was carried out within the framework of an European Craft project entitled Ecotan (QLK5-CT2002-
72467), aimed at the development of a commercially feasible process incorporating reactive oils and thermal
modification. Sailer et al (2000) demonstrated the potential for oil-heat treatments, such that there are now
several initiatives across Europe assessing the potential of such processes. The drive for such a process is to
provide biocide-free treatments for the enhancement of sustainably grown European timbers, which may then
compete favourably with higher value imported species. This paper follows on from work presented by
Tjeerdsma et al (2005), whereby a chemically active group has been incorporated into the oil matrix.

Experimental

Samples of wood of various European species were treated at SHR, Netherlands using their MP2 reactor (Figure
1). Ecotan 12 and 13 refers to experiments where the reactive oil (UZA) has been used during impregnation and
heating, whilst Ecotan 14 and 15 used linseed oil for heating following impregnation with UZA. The treated
material was then returned for the following testing.

Weight uptake – Samples were immersed in water over a period of 72 hours, during which time regular
weighing was carried out. Results were calculated in terms of weight increase against over dry weight of the
sample.

Biological durability - This was determined according to standard methods, namely EN350-1, CEN TC35
WG23 N34, ENV807 and EN252.

Mechanical properties – Mechanical properties (MOE, MOR) were assessed according to 3-point bending
measurements and impact testing according to falling weight as defined in BS373 (1957).



Chemical assessment – The composition of the oil was carried out as required for Fourier Transform- Infra Red
(FT-IR) Spectroscopy, 13C and 1H NMR Spectroscopy and Mass Spectrometry.

Figure 1: MP2 reactor at SHR, Netherlands

Results and discussion

Some properties of timber treated using this modified hot oil process has already been reported (Tjeerdsma et al
2005). The results that follow compliment these findings.

Weight and water uptake

Experiments with Sitka spruce of varying dimensions allowed the relationship between the longitudinal length of
samples and the overall Weight Percent Gain (WPG) observed (Figure 2) to be derived. This showed that longer
samples have lower WPGs, which may be attributed to limited penetration through the radial and tangential
directions, or along the whole longitudinal lengths.
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Figure 2: Weight uptake relationship to longitudinal length for Sitka spruce

Tests were also carried out to assess the uptake of water (in terms of % weight increase) related to the hot oil
treatment. Thus samples (both treated and controls) that had been oven-dried prior to testing, were immersed in
water, and their weights measured over an interval of several days. Figure 3 shows graphically how the overall
percentage weight increased for both sets of blocks.
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Figure3: Percentage weight increase due to water uptake

Biological durability

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 protocol, for
sanded and unsanded material. In all cases, Norwegian spruce was evaluated. The results achieved (Table 1)
could then be assessed according to EN350-1 and N34 respectively.

Table 1: Biological durability ratings of EN113 samples according to EN350-1 and N34 respectively.

Treatment Weight loss

C. puteana [%]

Weight loss

P. placenta [%]

Durability rating
N34

Durability rating
EN350-1

Ecotan 12 sanded 0 3.41 1 1

Ecotan 12 Unsanded 0 0 1 1

Ecotan 13 Sanded 0.49 1.04 1 1

Ecotan 13 Unsanded 0.07 0.25 1 1

Ecotan 14 Sanded 5.41 5.14 2 2

Ecotan 14 Unsanded 6.52 4.59 2 2

Ecotan 15 Sanded 4.90 4.67 1 2

Ecotan 15 Unsanded 4.79 3.95 1 2

Spruce controls 34.70 22.76 5 5

Pine controls 34.84 23.73 5 5

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.



In addition to experiments to determine the natural durability, work was also carried out using ENV807 test
standard (laboratory based) as well as EN252 (field test based).  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. These showed that the presence of the polymerised reactive oil on the surface (unsanded
samples) had greater resistance in ground contact. The use of UZA during the heating stage also provided
additional protection, compared to linseed oil, with weight losses following ENV807 testing of 1 to 3% and 7 to
10% respectively as opposed to 24% weight loss fro control samples (all tested over a 32 week period). Filed test
stakes, according to EN252 show similar degrees of improvement in decay resistance.

Mechanical properties

Tjeerdsma et al (2005) referred to moderate strength losses following treatment with UZA, with MOE and MOR
typically reduced by approximately 10%. However these reductions were greater with the use of rape seed oil for
the heating process. Similar results were noted (Table 2), when considering treatments where linseed oil was
used during the heating stage.

Table 1: Overview of mechanical properties.

Treatment MOR

[Nmm-2]

Std. dev.

[Nmm-2]

MOE

 [Nmm-2]

Std. dev.

 [Nmm-2]

Untreated 84 14 13500 2600

Ecotan 14 63 12 12300 3400

Ecotan 15 70 18 13600 1700

It was also noted that the impact strength of the hot-oil treated timber was greatly reduced, with reductions of
approximately 50% noted. Further studies into this will be carried out to determine if variations in the treatment
can limit this reduction.

Chemical analysis

Fourier Transform Infra-Red Spectroscopy (FTIR)

FTIR was used to investigate the nature of the covalent bonds between carbon, hydrogen and oxygen within the
oil and the resin. Absorptions characteristic of an anhydride were seen in the spectrum for UZA, which were not
present in that for linseed oil. This was as expected, and showed that the ring structure of the maleic anhydride
has not been degraded during the reaction. The polymerised skin of UZA from the pressure reactor was observed
by FTIR and the presence of oxygen was strongly detected in the region above 3000cm-1 and 1500 to 1000cm-1.
It is anticipated that polymerisation occurs by some oxidative cross-linking process, which is a free radical
mechanism.

Nuclear Magnetic Resonance Spectroscopy

Proton (1H) and carbon 13 (13C) spectra were obtained for the linseed oil and UZA. The proton spectra for
linseed oil and UZA were very similar. They showed protons in CH3 and CH2 environments at 0.9 to 1.0 ppm



and 1.3 to 1.4 ppm respectively. Other multiplets were observed at 2.1-2.8ppm and 4.1- 4.3ppm, which are likely
to relate to methene groups. Rao et al. (1996) reported similar observations for maleic anhydride adducts of
linseed oil.

The linseed oil 13C spectrum showed peaks in all the expected locations, with subtle variations between the
palmitic, stearic and oleic acids, as expected. The UZA spectrum was almost identical to the linseed spectrum,
although there was a small peak in the 45ppm area which was almost lost in the noise of the spectrum baseline.
If this peak is significant it could indicate the presence of Diels-Alder type ring structures.

Mass Spectroscopy

Direct insertion mass spectroscopy was used to detect molecular ions of linseed oil and UZA. For linseed oil
there are an anticipated set of 35 molecular ions as the oil contains five different fatty acids within the
triglyceride. The molecular ion region contained five strong masses relating to the main triglycerides present, but
also contained five medium-strong masses relating to isotopes of the carbon and hydrogen. Further, there were
also many low intensity masses detected relating to triglycerides with a lower abundance in the oil. Two distinct
regions contained molecular ions: from 872.6 to 882.7 the ions relating to non-palmitic fatty acids were present;
and from 844.7 to 858.7 the palmitic fatty acids were present. The molecular ions had lost a single CH3 unit. The
palmitic molecular ion region also contained non-palmitic ions which had lost larger fragments or a pair of CH3

units.

Whilst molecular ions for the unreacted fatty acids were noted, none were present representing the maleated
product. However there was an absence of unsaturation from the degradation patterns. This does suggest reaction
has occurred. Model compounds (such as linoleic acid) were grafted with maleic anhydride and tested by mass
spectrometry. This showed unreacted acids, whereas linolenic acid showed the presence of a maleated
compound. Thus it would appear that only some model compounds readily produce molecular ions. However the
absence of unsaturation would suggest the fatty acids have been modified.

Conclusions

The use of reactive oils such as UZA can afford European timbers with dramatic improvements in many
properties. This may open markets hitherto inaccessible to such timber species. Further determinations into
assessing any detrimental effects needs to be carried out so that these are limited. This will allow greater
potential for multiple market entry. As reported by Tjeerdsma et al (2005), semi-commercialisation of this
process is already underway, and represents an exciting development in the use of oil and heat treatments.
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ABSTRACT

Timber of Corsican pine (Pinus nigra var. maritima) and Norway spruce (Picea abies) was treated
in hot linseed oil, rapeseed oil and a proprietary resin derived from linseed oil.  The samples were
immersed in oil or resin under reduced pressure at temperatures of 180°C and 200°C.  Very high
uptakes of the oils or resin were recorded for pine, while spruce showed lower weight percent gains,
below 20%.

Treated blocks were exposed to two brown rot fungi, Coniophora puteana (BAM 15) and Postia
placenta (FPRL 280).  The effect of using a therm-oxidatively cured resin or a drying oil (linseed)
was compared with the use of the non-drying rapeseed oil.  The resin treated blocks had a lower
weight loss at the end of the experiment than blocks from the two oil treatments.

It is believed that the polymerization of the resin immediately after treatment assists in reducing the
accessibility of the timber to fungal decay.  To assess the extent to which this is an envelope
treatment, a simple variation on the BS EN113 test method was used to expose untreated surfaces.
Sticks of timber which had been treated with the linseed oil or the resin were crosscut to expose un-
cured faces on the end grain, and exposed to fungi in the same manner as the standard EN113 test.
The effect of cutting open the envelope treatment was an increase in weight loss when compared to
the equivalent fully sealed blocks.

Keywords:  Heat treatment, Oil treatment, Resin treatment, basidiomycetes, envelope
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1. INTRODUCTION

Changes in legislation and an awareness of public concerns over some forms of preservative have
led to a recent resurgence of interest in heat treatments and resin treatments for timber (Kamdem
2002, Militz 2002, Welzbacher and Rapp 2002).  The strength losses seen when timber is treated in
air (Rusche 1973) have led to experiments with inert gases such as nitrogen to reduce the level of
oxidative degradation of the wood (Dirol and Guyonnet 1993).  On the commercial scale steam has
often been used as a more economically viable atmosphere for heat treatment, and strength loss has
been reduced to an acceptable level (Syrjänen 2001, Vernois 2001).  Another method for reducing
the loss of strength is to immerse the timber in hot oil, which simultaneously excludes oxygen and
transfers heat directly into the wood (Sailer et al. 2000, Rapp and Sailer 2001).

A treatment based on a modified linseed oil resin has been developed in a European Commission
funded project, ECOTAN.  To assess the efficiency of this resin treatment, a BS EN113 test was
conducted on timber treated with UZA resin, and compared with timber heat treated with linseed oil
and rapeseed oil.  The process is a thermal treatment, with the oil or resin excluding oxygen to limit
the strength loss seen in the timber (Tjeerdsma et al. 2005).  When the process is scaled up the
penetration of oil and thermal transfer to the inner regions of the timber can be reduced, especially
in spruce, resulting in an envelope treatment.  The treatment of BS EN113 standard dimension
blocks represents the performance of timber in the surface and ends of larger planks, but a simple
modified method for sample preparation was developed to expose timber with lower impregnation
levels from the centre of sticks, breaking the treatment envelope open.  Results from the standard
and modified test methods are compared here.

2. METHOD

2.1 Treatment
15 x 25 x 50mm blocks of Corsican pine (Pinus nigra var. maritima) and Norway spruce (Picea
abies) were prepared with the grain oriented as prescribed by BS EN113.  Blocks were weighed and
measured after drying in a 105°C oven, then conditioned at 20°C and 65% relative humidity.  Heat
treatments were carried out using three oils � linseed oil, rapeseed oil and a modified linseed oil
resin UZA.  Blocks were submerged in oil in a 2 litre reactor and a weak vacuum was pulled using
water.  The oil temperature was increased to 200°C and held for three hours.  Any steam and
emulsion generated by moisture from within the timber was trapped in a catch pot.  After treatment
the blocks were removed from the oil, drained and weighed.

A second series of Corsican pine blocks was prepared using the above method, at a temperature of
180°C.  Another series of 15 x 25 x 120mm sticks of both timber species was treated using the same
treatment process, and range of thermal conditions.  The sticks were cross cut in the centre, and the
ends trimmed off to form a pair of 15 x 25 x 50mm blocks.

Weight percent gains (WPG, Eq. 1) were calculated, using the initial oven dry weight (w0) and the
weight immediately after heat treatment (w1), which was assumed to be an oven dry value.

WPG =    100 × ( w1 � w0 ) / w1 (1)
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Preservative retention values (Eq. 2) were calculated on the basis of the initial volume (v0) for each
specimen.

Preservative retention   =     ( w1 � w0 ) / v0 (2)

2.2 Decay testing
Treated blocks were exposed to Coniophora puteana (BAM 15) and Postia placenta (FPRL 280)
which had been grown on 4% malt agar in jars according to BS EN113 standard procedures.  A pair
of blocks, treated and untreated control, was placed in each jar on glass supports above the growing
mycelium.  The blocks were exposed for a 21 week period before removal, cleaning and weighing.
The blocks were then dried in an air circulating oven for three days and re-weighed.

The values for moisture content at the end of test was calculated according to the standard, where w2
is the mass at the end of exposure and w3 is the final oven dry mass (Eq. 3).

Moisture content   = 100 × ( w2 � w3 ) / w3 (3)

The weight loss calculation was modified in a manner suited to high retention preservatives such as
creosotes (note 2, section 8.6.2 BS EN113).  The weight loss (Eq. 4) for each specimen was
calculated on the basis of the specimen treated weight (w1) not initial weight (w0).

Percent weight loss    =    100 × ( w1 � w3 ) / w1 (4)

3. RESULTS

3.1 Treatment
The weight percent gain (WPG) for Corsican pine treated with linseed oil was 87 to 90% in both the
blocks and the sticks, while rapeseed oil was consistently higher, between 95 and 106% (table 1).
The UZA treatments showed more variability in weight gain, with the blocks tending to take up
about 16% more resin than the sticks.  The spruce weight percent gains were significantly lower
than pine, all being less than 20% WPG.  The difference between the weight gain for the spruce
blocks and sticks was significant, with sticks taking up 9% UZA and blocks taking up 19% UZA
resin.  The WPG values for each treatment are presented with their equivalent preservative retention
values in table 1.

Table 1: Weight percent gains and preservative retention values, average for the batches used in each test set.

Weight percent gain [%] Preservative retention [kg/m3]
UZA Linseed Rapeseed UZA Linseed Rapeseed

CP180 block 91.4 89.9 101.7 499.1 501.3 518.0
CP180 stick 75.0 87.4 106.2 395.5 472.8 532.1
CP200 block 77.4 89.5   95.5 438.4 486.4 514.6
CP200 stick 61.6 87.1 102.9 369.0 478.4 519.3
NS200 block 19.2 12.3   83.0   60.1
NS200 stick   9.3   7.5   41.2   64.0
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The colour of the treated blocks changes after hot oil treatment, and is darker for the 200°C
treatment than for the 180°C treatment.  The oil treatments give a matt surface finish, while the UZA
on the block surface cures after removal from the resin bath, giving a more varnish-like appearance.

3.2 Decay Testing
The weight losses seen by Corsican pine treated with UZA, Linseed oil and Rapeseed oil were
consistently lower than the untreated control blocks.  For blocks treated at 180°C weight losses of 7
to 8% were recorded for treated timber while 30 to 34% mass loss was seen for the control blocks
(table 2).  For blocks treated at 200°C the weight losses in linseed and rapeseed oil treatments were
similar (8 to 11%) but the weight loss of the UZA treated timber was negligible.

Table 2: Weight losses for Corsican pine exposed to Coniophora puteana.  Values in italics are the treated
timber, non-italic values are for the untreated controls.

UZA Linseed oil Rapeseed oil
Moisture
content [%]

Weight loss
[%]

Moisture
content [%]

Weight loss
[%]

Moisture
content [%]

Weight loss
[%]

180°C 18.45
51.74

  7.52
34.40

18.25
52.03

  8.68
30.57

19.80
57.41

  8.81
30.34

200°C 16.16
57.91

-0.50
32.06

15.67
50.62

  8.37
32.68

24.25
51.31

10.76
22.91

The weight losses of blocks cut from treated sticks were calculated using extrapolated values for the
block initial dry weight (based on oven dry initial weight of the stick and the reduction in length).
Small variations in timber density and dimensions can account for a small margin of error of the
extrapolated value from the true weight, however this is deemed to be negligible.  The oven dry
treated weights of the blocks were also extrapolated values, based on the moisture content of the
stick at the time of cutting and the cut conditioned weights of the freshly cut blocks.  Variation in
the location of moisture within the sticks may present a greater error in the calculation of this data.

Table 3: Weight losses for cross cut Corsican pine exposed to Coniophora puteana. Values in italics are the
treated timber, non-italic values are for the untreated controls.

UZA Linseed oil Rapeseed oil
Moisture
content [%]

Weight loss
[%]

Moisture
content [%]

Weight loss
[%]

Moisture
content [%]

Weight loss
[%]

180°C 20.23
47.67

12.02
29.42

17.18
49.79

16.95
28.47

24.04
69.07

  4.49
32.83

200°C 18.16
50.62

  4.34
32.68

15.37
52.08

  2.98
39.09

24.32
64.39

  8.42
29.61

When spruce timber is treated, a similar reduction of weight loss is seen for the standard preparation
method UZA, 5% is almost acceptable according to the standard. For linseed oil the weight loss was
17%, only half of that of the untreated spruce control specimen.  It appears that the polymerization
of the resin has contributed greatly to the decay resistance of spruce timber, as the thermal treatment
in linseed oil alone has a much less significant benefit.
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Table 4: Weight losses for Norway spruce exposed to Coniophora puteana. Values in italics are the treated
timber, non-italic values are for the untreated controls.

UZA Linseed oil
Moisture content [%] Weight loss [%] Moisture content [%] Weight loss [%]

200°C 22.41
49.92

  5.02
35.12

32.83
53.50

16.61
37.27

200°C
cross cut

37.20
55.21

18.18
37.07

37.41
56.58

18.73
31.97

When the spruce sticks were cross cut before exposure, the UZA and the linseed oil treated timber
performed similarly, with weight losses of 18 to 19%.  This indicates that the resin treatment loses
its efficacy once the treatment envelope has been breached.  The residual decay resistance may be
due to the thermal modification, and is similar to the value seen for non-cross cut linseed oil treated
blocks.

UZA and linseed oil treated Corsican pine blocks were also exposed to Postia placenta (FPRL 280).
The weight loss for UZA treated wood was low at both 180°C and 200°C. For the linseed oil
treatment the weight loss was lower in timber treated at 200°C than 180°C.  When the UZA treated
blocks were cut from sticks the weight loss increased, and a difference in efficacy was seen between
the 180°C treatment (12%) and the 200°C treatment (8%).  Blocks from the linseed oil treated sticks
showed similar levels of weight loss to those for the non-cross cut blocks, again there was an
improved level of decay resistance for the 200°C treatment.

Table 5: Weight losses for Corsican pine exposed to Postia placenta. Values in italics are the treated timber,
non-italic values are for the untreated controls.

UZA Linseed oil
Moisture content [%] Weight loss [%] Moisture content [%] Weight loss [%]

180°C 15.87
46.01

  5.80
28.70

18.12
59.44

10.79
30.32

200°C 15.49
50.97

  4.03
31.35

15.25
45.03

  6.49
26.30

180°C
cross cut

25.76
56.20

11.51
31.04

20.22
56.41

  9.43
31.63

200°C
cross cut

21.13
54.52

  8.37
28.18

18.09
57.36

  7.21
29.96

The moisture content at the end of the EN113 tests was lower for the treated blocks than for the
untreated blocks.  The consistently high moisture content values for the untreated control blocks,
confirmed that the growth conditions in all jars were favourable.

In the case of Corsican pine, the Coniophora puteana exposed blocks reached 16 to 24% moisture
when not cross cut and gave similar values (15 to 24%) when cross cut (tables 2 and  3).  The
moisture content of 200°C linseed oil treated blocks was the lowest, and the trend to have lower
moisture content in timber treated at a higher temperature was consistent for the UZA and linseed
treatments.  The rapeseed treated blocks had higher moisture contents than the other two treatments.
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The Postia placenta exposed blocks also had a higher moisture content in the cross cut experiment
than the standard test.

The moisture content in Norway spruce, after exposure to Coniophora puteana, was higher than for
pine, being 22% for UZA and 32% for linseed oil treatments at 200°C.  When cross cut blocks were
used the moisture content increased to 37% for both treatments.  These values are lower than the
non-treated spruce, which ranged from 50 to 57% moisture content.

4. DISCUSSION

The oil and resin heat treatments of pine at 200°C were more efficient than the equivalent treatments
of spruce, giving large differences in treatment WPG and fungal decay weight loss between the two
species.  Previous work on pine and spruce by Sailer et al. (2000) showed a similar trend.  The
difference in oil or resin uptake relates to differences in permeability between the two species.  In
spruce, the high level of aspiration of bordered pits prevents deep longitudinal penetration into the
earlywood, so deep oil uptake is likely to occur only in the latewood, whereas in pine there is less
aspiration and  the  fenestrated cross field pits allow some compensation so uptake will occur more
readily.  The difference in penetrability can be seen in Figs. 1 and 2 where spruce and pine sticks
treated with UZA have been cross cut at the mid point revealing a resin saturated area in the pine
which is not present in the spruce.  This indicates that lateral penetration also occurs in the pine
timber.

Figure 1:  Norway spruce treated with UZA at 200°C, cross cut at the mid-point.

The impregnation with resin is only one of two processes providing the timber with durability
during the hot oil treatment.  The thermal modification effect is believed to extend further into the
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timber than the oil.  Heat will have been transferred into the wood with the hot oil, but thermal
conduction by the wood will also have occurred to reach the block core.  Thus it is intended that the
spruce timber will have been thermally modified further into the block than the outer resin shell seen
in Fig. 1.

The weight losses seen in the spruce samples indicate that both the thermal treatment and the resin
treatment contribute to decay resistance.  While the sealed UZA treated blocks benefit from both the
resin coating and the thermal treatment with a weight loss of 5%, the blocks which were cross cut to
expose the end grain have a weight loss of 18%.  This weight loss has been reduced by half
compared to the untreated control blocks, which had 37% weight loss.  The similarity in weight loss
for linseed treated and UZA treated cross cut blocks is a further indication that the reduction of
weight loss to 18% is a heat treatment effect.  The linseed oil distribution within the spruce blocks
was similar to that of the UZA resin, so thermal treatment is again likely to be the only protection
mechanism acting in the exposed block core.

Figure 2:  Corsican pine treated with UZA at 200°C, cross cut at the mid-point.

The treated pine samples have a high uptake of oil or resin.  The resin envelope extends laterally 4
to 6mm into the block (Fig. 2), in addition to a greater distance from the stick ends.  Fig. 3 shows the
cross cut faces nominally 1cm and 11cm into the stick of UZA treated pine.  Where previously a
ghost region was visible in Fig. 2 at the mid point in these cross cut pine sticks, the end cuts show
almost complete saturation (Fig 3).  Thus the blocks have a non-uniform resin distribution, with a
significant area of one cut face devoid of resin, but greater resin saturation on the other cut face.
The overall thicker envelope of resin has contributed to the lower moisture content seen at the end of
exposure for pine (18% for cross cut UZA) than for spruce (37%, cross cut UZA).  The weight loss
values are also lower for pine than spruce in the cross cutting experiment, for example 4% and 18%
respectively for the UZA treatment.  To some extent this may due to the smaller cell wall surface
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area available for moisture ingress as the majority of pine cell lumena are coated by or filled with
resin.  This resin saturated region may thus retain conditions which are less favourable to fungal
growth throughout the duration of the test.

Figure 3:  Corsican pine treated with UZA at 200°C, cross cut surfaces from the stick ends.

The linseed oil and rapeseed oil treatments also had better lateral penetration in the pine blocks than
in spruce, and the pine cross cut experiment also gave lower moisture contents and weight losses
than had been seen in spruce.  The decay data from the linseed oil and rapeseed oil treatments show
no clear statistically significant trend.  On the basis of appearance, the surface of the linseed oil
treated blocks was sound, and decay was poorly advanced.  The rapeseed oil treated blocks had a
more variable appearance, with mycelium better attached to the block surface, but few blocks
showed any shrinkage, cracking or other decay features.

The results from this study of a three hour oil heat treatment confirm the benefits seen by Sailer et
al. (2000) following a 4.5 hour thermal treatment of pine and spruce in linseed oil.  The weight
losses reported were higher in spruce than pine, relating to the dominantly thermal treatment in
spruce and the combination of oil impregnation with thermal modification in the pine samples.  The
resin treatment reported in this study performed better than linseed oil and rapeseed oil, despite
achieving similar weight percent gains.

The resin is derived from linseed oil, with a reactive anhydride moiety grafted onto the fatty acid.
The resin homopolymerises, forming a bulk of hydrophobic material in the cell lumena, but is also
capable to grafting onto the wood surface by an esterification reaction.  If esterification has
occurred, this will graft hydrophobic resin to the cell wall and reduce the accessibility of hydroxyl
groups on the wood cell wall to moisture.  The physical appearance of resin impregnated blocks and
the results shown here both indicate that the resin polymerization may be responsible for the
improvement seen above the standard hot oil treatment.  The resin may form a physical barrier to
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hyphal penetration, may resist moisture ingress and may reduce gaseous exchange within the wood
during the decay test.  Further studies are necessary to confirm these wood protection mechanisms.

5. CONCLUSIONS

Improved levels of decay resistance have been reported for a resin heat treatment process when
compared with a hot oil treatment.  The use of resin gave acceptably low weight losses (≥4%) in a
reduced time period, whereas the oil treatments also had low weight losses when compared to the
untreated control but these were outside the target range.  Thus it appears that the resin treatment
gives an acceptable level of decay resistance in a shorter time period than is required for oil heat
treatment.  The polymerization of the resin on the wood surface, and to a lesser degree within the
wood lumena, is likely to have enhanced the performance of the resin treated timber.

The experiment on envelope treatment of spruce revealed that both the resin coating and the thermal
treatment in the core of the wood contributed to decay resistance.  When the resin coating was cut
open decay levels were equivalent to those seen in linseed oil heat treated spruce.  Treatment of pine
gave a thicker envelope of resin, but a small increase in weight loss was also seen when blocks with
cross cut end grain were exposed to the fungi.  It is therefore practical to recommend that oil or resin
heat treated timber be treated after cutting to the required dimensions to maintain the maximum
service life for these products.
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