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Abstract This study reports on the water uptake (WU)
and wetting properties of different modified wood mate-
rials; furfurylated and N-methylol melamine (NMM)
modified Scots pine, and heat-treated (Vacu® method)
Scots pine and beech. All modifications caused a sub-
stantial reduction in WU in the longitudinal, tangential
and radial directions both after short (24 h) and long
contact times (168, 336 h) with a saturated sponge. The
water uptake coefficient (w,) was reduced by ap-
proximately 71-89 % in furfurylated wood, with the
higher weight percent gain (WPG) providing a slightly
greater reduction. The reduction in WU was not found to
depend on the NMM solid content. The NMM treatment
had the maximum effect on the reduction of tangential w,
by 80-84 % and was much smaller in the longitudinal
direction (31-68 %). The treatment temperature of
195 °C gave lower WU values than treatment at 210 °C,
and the only exception was the radial direction of Scots
pine. The longitudinal w, of heat-treated beech repre-
sented the highest reduction by 81-89 %, while radial w,
was less affected in both species. Sessile drop apparent
contact angles for water and diidomethane and corre-
sponding surface energies on planed tangential and radial
wood surfaces revealed an increased hydrophobicity and
reduced polarity of modified wood. Furfurylated and
NMM modified tangential surfaces had a higher increase
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of apparent contact angles than the radial surfaces but this
was not observed in the case of heat treatment. Heat-
treated wood showed reduced wetting of surfaces only
with water. Apparent contact angles did neither differ
with treatment temperature nor with the NMM resin load.
The disperse component of surface energy was slightly
increased by 20 % maximum in modified wood, while the
polar components showed a dramatic decrease by —30 to
—90 % with no major differences among treatments and
intensities, and between surfaces. The results provide a
better understanding of the hygroscopic behaviour of
modified wood, which might be useful to predict its ad-
hesion with various polymers such as glues, coatings and
paints.

1 Introduction

Modification treatments have been studied and applied
widely with the aim to improve various technological
properties of wood and wood-based products such as di-
mensional stability, weathering, and durability (Hill 2006).
Bulk treatments (e.g. with resins, waxes) by blocking
pathways for the water flow and due to the hydrophobic
character of the chemicals as well as chemical (e.g.
acetylation, furfurylation) or thermal modification by
changing the chemical character of wood cell walls due to
decreasing of e.g. hydroxyl groups result in reduced water
uptake and equilibrium moisture content of wood (Militz
2002; Gsols et al. 2003; Pétrissans et al. 2003; Mai and
Militz 2004; Weigenand et al. 2007; Zhang et al. 2007;
Xiao et al. 2010). Although the purpose of the treatments
has been achieved, leading thereafter to improved dimen-
sional stability and durability of wood, issues with regard
to processing of modified wood such as coating, painting,
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and gluing might arise due to the more hydrophobic wood
surfaces.

The study of wood surface characteristics is of vital
interest to understand the effect of various modifications on
the adhesion between wood and various polymers such as
coatings and glues. According to the wetting or adsorption
theory, for example, the less polar and in some cases less
porous modified wood surfaces may lead to reduced ad-
hesion due to poorer adhesive wetting of the wood (Hunt
et al. 2007).

The wettability of wood can be defined by parameters
which describe the molecular polar or non-polar interac-
tions between liquids and solids such as contact angles,
surface free energy and work of adhesion (Mantanis and
Young 1997; de Meijer et al. 2000; Walinder and Bryne
2006). Contact angle analysis is a useful tool for estima-
tions of solid-liquid interfacial forces and is performed by
using the Wilhelmy, the rising height, and the sessile drop
methods (Pétrissans et al. 2003; Bryne and Walinder 2010).
A commonly used technique for investigations on wood is
the sessile drop method, which is based on the observation
of the profile of a drop deposited on a wood surface
(Neumann and Spelt 1996). Limitations associated with the
technique include bulk sorption, roughness and porosity of
wood, and probe liquid contamination as a result of the
wood extractives. The term “apparent contact angle” is
preferred because it is a more accurate expression for the
measurement of contact angle due to the mentioned
finiteness (Bryne and Walinder 2010).

It is also well-known that swelling and shrinkage of
wood has a major effect on the performance of synthetic
polymers applied to its surface. Modification techniques
reduce the hydrosensitivity of wood substrate and consid-
erably improve its dimensional stability, thus resulting in
less wood-polymer debonding (Stamm 1964; Hill 2006).
Besides the standard methods used for determining water
uptake and water vapour sorption, e.g. submersion in water
or moisture sorption tests (Donath et al. 2006; Xie et al.
2011; Ghosh et al. 2013; Pries et al. 2013), the hygroscopic
behaviour of modified wood is also evaluated on the basis
of water uptake of samples in contact with a saturated
sponge (Ghosh et al. 2009; Scholz et al. 2009; Johansson
and Kifetew 2010; Xiao et al. 2010). Due to the porous
character of wood, the water flows through capillary force
in the wood, and also diffuses into the cell walls, and
consequently the method used provides estimations of its
water uptake behaviour in exterior use as well as of the
localisation of chemicals in different morphological re-
gions of modified woody tissues, which may block the fluid
flow path (Rowell and Banks 1985).

The objective of this work was to study the wetting
phenomena and water uptake of different modified wood
materials. As several wood modification technologies are
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being commercially exploited today and modified wood is
increasingly used in combination with other materials such
as adhesives, varnishes, paints and coatings, such infor-
mation could be used to predict the performance of mod-
ified wood-polymer systems.

2 Materials and methods
2.1 Wood material and modification methods

The modified wood materials studied were furfurylated
Scots pine (Pinus sylvestris L.), melamine treated Scots
pine, and heat treated Scots pine and beech (Fagus syl-
vatica L.). For the modifications, Scots pine (sapwood) and
beech boards were used with dimensions 1400 x 100 x
30 mm® L x W xT).

Furfurylation was done by Kebony ASA (Norway)
within an industrial process with two types of furfuryl al-
cohol, which are industrially known as Kebony FA 40 and
FA 70, with a 65 and 75 % WPG, respectively (Mai 2010).

For the melamine treatment, the N-methylol melamine
(NMM) resin Madurit MW840/75WA (Ineos Melamines
GmbH, Frankfurt, Germany) was supplied as an aqueous
stock solution with a solid content of approx. 75 %. So-
lutions of 10, 20 and 30 % NMM solid content were pre-
pared and impregnation of wood boards was done in a
stainless steel vessel using a full cell process, which in-
cluded an initial vacuum phase of 100 mbar for 1 h and a
pressure phase of 12 bar for 2 h. Curing of the NMM resin
took place at 120 °C for 1 week in a drying chamber. Heat-
treatment was carried with the industrial scale vacuum-
press dewatering method (Vacu®) at 195 and 210 °C by
Timura Holzmanufaktur GmbH (Germany). In this method,
treatment temperature devolves the wood using heating
plates enabling a very efficient heat transfer to the lumber,
while due to the high vacuum used by-products are con-
densed at the dryer’s wall and taken out of the system
(Niemz 2007). Prior to the testing, all modified wood
materials were conditioned at 20 °C and 65 % RH in a
climate chamber.

2.2 Water uptake

Water uptake (WU) was measured along the longitudinal
direction on samples with dimensions of 20 x 20 x
200 mm® (R x T x L) and along the tangential and radial
directions on samples measuring 40 x 40 x 40 mm’
(R x T x L) according to DIN 52617 (1987). Ten repli-
cates per treatment and direction were used. The samples
were sealed with a water resistant coating along all faces
except for two (transverse, radial or tangential) to test each
time the longitudinal, tangential and radial water uptake.
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Fig. 1 Experimental set-up for the capillary water uptake test
showing a water vessel with wood samples in contact with a saturated
sponge. Note that the water level is kept 2 mm above the sponge
surface and the samples are sealed with a water resistant coating along
all faces except two

The samples were then placed in a water vessel in contact
with a saturated sponge to absorb water through the open
faces (Fig. 1). The water level was kept 2 mm above the
sponge surface, such that a non-sealed surface of the
samples was only partially immersed in water to assess the
intensity of water absorption. WU was measured after
specific time intervals of 1, 2, 3, 4, 8, 12, 24, 48, 72, 96,
120, 168 and 336 h. In accordance with DIN 52617 (1987),
the water uptake coefficient was calculated for every di-
rection by using the equation, w, = AW,t%>, where w, is
the water uptake coefficient (kg m 2 h %%, AW, is the
difference in mass of water uptake per unit area of sample
surface (kg m_2) between start and time #; and ¢ is the
measuring time (h).

2.3 Contact angle and surface energy

The apparent sessile drop contact angles were measured
with the G 10 device (Kriiss GmbH, Hamburg, Germany)
and DSA 1 software on planed tangential and radial sur-
faces of wood samples. The probe liquids included water
and diiodomethane (dosing volume of 10 pl), and the ap-
parent contact angle value was taken 5 s after droplet de-
position. Preliminary tests showed that this period of time
was necessary in order to obtain droplet stabilization in
both unmodified and modified wood. Furthermore, it has
been reported that contact angles measured about 5 s after
depositing the water drop on the wood surface minimise
the risk of solvent contamination with wood extractives
(Walinder and Johansson 2001). For each sample, 20 rep-
resentative measurements were performed at different
spots to minimise the effects of structural and chemical
variations of the wood samples.

There are various methods described in the literature for
the calculation of surface energy of solids from contact
angle data, mainly using the Young equation as a basis
(Zenkiewicz 2007). In the individual methods, various as-
sumptions have been made in finding mathematical rela-
tionships to describe quantitatively the phenomena of
interfacial interactions in the systems of various liquids and

polymeric materials. There appears to be no consensus on
the use of the different approaches for surface charac-
terization (Gindl et al. 2001), and thus the surface energy
values depend on the method of measurement and analy-
tical computation. In this work, the geometric mean ap-
proach developed by Owens—Wendt (1969) was used,
which is a commonly used method for calculating the
surface energy of wood. The mean values of contact angle
measurements were used to calculate the corresponding
surface energy by following the Owens—Wendt approach
on the basis of Young’s equation, yg = ys; + 71 cos 0,
where 7yg is the surface energy of the solid in mN m ', g
is the interfacial energy between solid and liquid, 7y, is the
surface tension of the liquid, and 6 is the apparent contact
angle. In this approach, the total surface energy y” is
considered as a sum of a disperse or non-polar component
9P and a polar component y* as: " = y? + 9. A mini-
mum of two measuring liquids is required to determine the
dispersed and polar components of surface tension, usually
water and diiodomethane. However, the more liquids that
are used the more reliable the results become. The surface
tension components y” and 7” for the probe liquids are
respectively, 21.8 and 51 mN m~! for water, and 50.8 and
0 mN m™~! for diiodomethane (van Oss et al. 1990).

3 Results and discussion
3.1 Water uptake

The faster water transport through the axially oriented
tracheids of Scots pine and vessel elements of beech caused
the highest water uptake (WU) in the longitudinal direction
compared to the lateral ones for all modified and un-
modified samples (Fig. 2; Table 1). The slightly higher
radial WU as compared to the tangential one can be at-
tributed to the presence of rays with large lumens and thin
cell walls and open pit structures running along the radial
direction, which facilitate the flow of water inside the wood
structure (Weigenand et al. 2007; Xiao et al. 2010).

WU was reduced substantially in all directions both after
short (24 h) and long submersion times (168, 336 h) by the
modifications (Fig. 2; Table 1). For furfurylated wood, the
treatment with higher uptake of furfuryl alcohol (FA 70)
caused a slightly greater reduction in water uptake in all
directions. This reduction effect for higher levels of fur-
furylation was also shown by Treu et al. (2009) for beech
wood. The water uptake coefficient (w,) was reduced by
approximately 84-89 % after 24 h; the values were even
high (71-82 %) after 168 and 336 h (Table 1).

As previously reported (Sint 2010), the reduction in
water uptake did not follow a certain pattern based on the
concentration of the NMM treatment solution. While no
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Fig. 2 Longitudinal, radial and tangential capillary water uptake of furfurylated Scots pine (FA 40 and 70), NMM modified Scots pine (10, 20

and 30 % NMM), and heat-treated Scots pine (HT-S) and beech (HT-B)

differences were noted in the tangential direction among
the NMM concentrations, 20 % NMM performed better
than the others in the longitudinal direction but it was in-
ferior to 10 and 30 % NMM in the radial direction (Fig. 2).
The NMM treatment had the maximum effect on the re-
duction of tangential w, in all concentrations (80-84 %)
already after 24 h (Table 1). These values were compara-
ble to those of radial w, with the exception of 20 % NMM
(41-65 %). In contrast, NMM treatment reduced the lon-
gitudinal w; after 24 h by only 31-68 %. In the case of 20
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and 30 % NMM, the values even declined from 59-68 %
to 40-52 % after 336 h. The lower water uptake of NMM
treated wood can be explained by the penetration of NMM
resin in different morphological regions of wood tissues
and cell walls, and by resulting cell wall bulking (Mahnert
et al. 2013; Sint et al. 2013; Kielmann et al. 2014). Thus,
the available sites in the cell wall to absorb water mole-
cules are reduced. However, the reduction in the velocity of
liquid water uptake in the melamine treated wood (Fig. 2)
should be attributed mainly to the occlusion of the major
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Table 1 Water uptake Treatment w, (kg m~2 h0%)

coefficient (w;) of furfurylated

Scots pine (FA 40 and 70), Longitudinal Radial Tangential

NMM modified Scots pine (10,

20 and 30 % NMM), and heat- 24h  168h  336h 24h  168h 336h 24h 168h 336h

g::;;d(fl‘;’_tg)p;;‘i(fllfgf;fgir?;‘f Scots pine-control  74.57 278.64 54275 1628 96.68 209.87 1476 8151 159.47

radial and tangential directions ~ Beech-control 1464 70826 1289.14 7.8 5274 10338 6.6 4639  88.53

after 24, 168 and 336 h FA 40 1036 8579 15947 342 3097 5773 185 1749  34.09
FA 70 953 7763 1558 264 263  49.12 156 1451  28.59
10 % NMM 5114 205.02 35578  3.52 2099 3556  2.68 1645  25.66
20 % NMM 2366 12636 26175 958 41.86 735 298 162  28.22
30 % NMM 3026 157.85 32425 332 2138 394 239 1464 3097
HT-S 195 °C 4347 28434 58124 9.63 4924 9329 332 19.82 3849
HT-S 210 °C 57.65 34201 64888  6.84 3486 6562  3.86 2099  41.05
HT-B 195 °C 1662 11378 21867 542 3499 6305 3.03 1827  37.39
HT-B 210 °C 2606 13646 24287 723 4393 768 361 219 3794

penetration pathways for water, e.g. lumens of axial ele-
ments (tracheids, vessel elements) and ray cells, by the
resin rather than its incorporation in the cell walls.

Heat treatment substantially reduced the WU of wood
(Fig. 2), as a result of thermal degradation of wood poly-
mers, mainly destruction and deacetylation of hemicellu-
loses beginning below 180 °C, and increase of cellulose
crystallinity (Militz 2002). Other phenomena such as
structural modifications and changes in the chemical
structure of lignin, especially when the treatment tem-
perature is above 200 °C, might also play an important role
(Alén et al. 2002; Sivonen et al. 2002). Changes in the
lignin fraction are mostly registered as depolymerisation of
lignin macromolecules, diminishment in the methoxyl
content, cleavage of the polysaccharide lignin complexes,
and condensation reactions leading to crosslinks within the
lignin and possibly between lignin and other wood com-
ponents (Hill 2006). Changes in the spatial distribution of
hydrophobic extractives within the bulk and on the surface
of wood after heat treatment (Hakkou et al. 2005; Nuop-
ponen et al. 2003) should also be mentioned. A deviation
from the general pattern of reduced WU referred to the
higher longitudinal uptake of treated Scots pine than the
untreated one at longer submersion times (Fig. 2; Table 1).
After the long submersion time of 336 h the increase of
longitudinal w, amounted to 7-20 % while previously the
short submersion period (24 h) caused a decrease by
23-42 9% (Table 1). The phenomenon has previously been
observed for Scots pine sapwood at temperatures of 170,
190, and 210 °C compared to untreated material. Water
absorption did not decrease until the heat treatment tem-
perature was 230 °C (Metsi-Kortelainen et al. 2006). With
the exception of radial uptake of Scots pine, in all other
cases the lower treatment temperature of 195 °C gave
better results than the treatment at 210 °C. It should be

noted that wood defects occurring during heat treatment
such as cracking and broken cell walls might also have
influenced the results. For example, a collapse of vessels
(Boonstra et al. 2006) could explain the substantial re-
duction in the longitudinal uptake of heat-treated beech
(Fig. 2; Table 1). As can be seen in Table 1, this repre-
sented the highest reduction in w, (§81-89 %) by the heat
treatment and was followed by the tangential w, of Scots
pine (74-78 %). Radial w, was less affected in both spe-
cies, and also differences between short and long submer-
sion times were generally small (Table 1).

3.2 Contact angle

Furfurylation generally resulted in a decreased level of
wetting force, i.e., an increased apparent contact angle for
both probe liquids (Table 2). The highest increase in con-
tact angles was for tangential surfaces. An exception was
seen for the radial surface of furfurylated F40 wood which
had slightly lower contact angles for water than the un-
modified surface. This was also reported by Bryne and
Walinder (2010) and was attributed to the presence of
hygroscopic buffering salt agents used in the furfurylation
process. The presence of small amounts of unreacted fur-
furyl alcohol and other by-products of the process might
also be responsible for the lower contact angle values
(Englund et al. 2009). It should also be noted that the
process additives might potentially cause probe liquid
contamination and therefore might affect the surface en-
ergy properties of furfurylated wood.

A significant increase of hydrophobicity was caused by
the NMM treatment and it was independent from the NMM
resin load (Table 2). As also observed for furfurylation, the
NMM modified tangential surfaces had a higher increase of
contact angles than the radial surfaces for both probe
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Table 2 Mean values of Treatment

Contact angle (°)

apparent contact angles for

water and diiodomethane on Water Diiodomethane

radial and tangential surfaces of - - - -

furfurylated Scots pine (FA 40 Radial Tangential Radial Tangential

;?3678)6,1\;\)42?1 dmfg‘;eiffh‘j[‘i Scots pine-control 69.2 (21.8) 47.0 (21.0) 20.5 (5.8) 14.9 (7.4)

and heat-treated Scots pine (HT- Beech-control 72.1 (9.1) 77.9 (14.6) 28.1 (3.9) 28.4 (5.9)

S) and beech (HT-B) FA 40 61.3 (22.7) 68.0 (28.3) 24.6 (5.7) 22.0 (6.7)
FA 70 79.7 (11.7) 79.8 (16.4) 24.2 (6.9) 18.7 (6.6)
10 % NMM 83.9 (9.8) 76.2 (9.2) 25.1 (5.7) 21.4 (4.1)
20 % NMM 84.6 (9.4) 74.6 (12.7) 21.6 (3.6) 18.7 (4.2)
30 % NMM 84.2 (13.8) 66.7 (16.6) 23.9 (4.3) 19.1 (4.4)
HT-S 195 °C 86.1 (11.9) 81.7 (15.5) 30.2 (4.0) 14.6 (7.6)
HT-S 210 °C 81.4 (9.7) 79.8 (13.1) 20.3 (6.4) 14.5 (8.9)
HT-B 195 °C 80.5 (9.9) 73.2 (12.6) 28.5 (4.8) 19.4 (3.9)
HT-B 210 °C 83.1 (13.2) 79.5 (14.3) 26.3 (5.9) 20.7 (3.9)

Standard deviations in parenthesis

liquids. However, the radial surfaces had higher contact
angles and thus a lower wetting force.

Heat treatment also affected negatively the wetting of
wood surfaces but only for water (Table 2). The migration
of extractives at the surface after the heat treatment and the
risks associated with the contamination of this probe liquid
(Bryne and Walinder 2010) might be the potential reasons
for this result. Specifically, the exudation of mobile hy-
drophobic substances from the interior to the wood surface
causes a minimization of system energy by exposing a
more non-polar hydrophobic phase towards the air (Eng-
lund et al. 2009). For both species, no major differences
were found in contact angles with the treatment tem-
perature (195 and 210 °C) and between the radial and
tangential surfaces. However, the contact angles on the
tangential surfaces of beech did not change much after heat
treatment. In contrast, contact angles for diiodomethane
mostly remained unchanged or even decreased in heat-
treated wood (e.g. tangential surfaces of beech for both
treatment temperatures). A positive effect was only noted
for the radial surface of Scots pine treated at 195 °C.

Most literature studies showed a significant increase in
wood hydrophobicity after heat treatment. After lab scale
heat treatment in the temperature range between 160 and
260 °C, the wood of four European species (pine, spruce,
beech and poplar) had a pronounced hydrophobic character
with contact angle reaching an average value of 90°
(Hakkou et al. 2005). The observations confirmed a pre-
vious study using wood of these species treated industrially
at 240 °C under inert atmosphere (Pétrissans et al. 2003).
Heat treatment of North American white ash and soft
maple under gas atmosphere without the presence of oxy-
gen up to 215 °C decreased wood wettability with no dif-
ferences between the contact angles on tangential and
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radial surfaces (Kocaefe et al. 2008). The lignin rich sur-
faces of thermally treated spruce wood were not found to
be hydrophobic based on their contact angle data (Bryne
and Walinder 2010).

3.3 Surface energy

All the modifications had a clear impact on the surface
energy characteristics leading to a non-polar character of
radial and tangential surfaces (Table 3). This is due to an
increase in hydrophobicity of wood after modification as a
result of chemical changes, which reduce its surface energy
(Hill 2006). Thus, the total surface energy was mostly de-
termined by the disperse component of the surface energy.
The disperse component of surface energy was slightly in-
creased in modified wood. This effect was more evident for
the tangential surfaces (increase up to 15-16 % in heat-
treated Scots pine) than the radial surfaces (increase up to
6-7 % in 20 % NMM treated wood, and heat-treated Scots
pine and beech at 210 °C). The differences in tangential and
radial surface energies may be attributed to differences in
wood extractive composition and the diversities in anato-
mical features in these directions (Nussbaum 1999). The
polar components, on the other hand, showed a dramatic
decrease ranging from —30 to —90 % with no major dif-
ferences among treatments and intensities, and between
surfaces (radial, tangential). An exception to the above
mentioned patterns was observed for disperse and polar
components of the radial surface of the F40 modified wood
and for the polar component of the tangential surface of the
heat-treated beech at 195 °C. The very low surface polarity
of modified wood is expected to prevent the formation of
attractive polar forces, impair wetting, and accordingly af-
fect negatively the adhesion of glues and paints.
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Table 3 MDean values of P Treatment Radial Tangential

disperse (y~) and polar (y")

components (mN m™ ') of the YD YP YT YD yP YT

total surface energy (yT) on

radial and [angential surfaces of Scots pine-control 43.1 (1.6) 6.8 (1.5) 49.9 (3.1) 40.7 (1.9) 19.3 (2.5) 60.1 (4.4)

furfurylated Scots pine (FA 40 Beech-control 40.8 (1.0) 6.1 (0.6) 47.0(1.6) 418 (1.5 3.7(0.7) 456 (2.3)

and 70), NMM modified Scots

K FA 40 40.2 (1.5 11.5 (2.0 51.7 (3.5 42.4 (1.8 7.5 (2.0 499 (3.9

pine (10, 20 and 30 % NMM), (1.5) 20 (3-5) (1.8) 29 (3:9)

and heat-treated Scots pine (HT- FA 70 43.9 (1.8) 2.8 (0.5) 46.7 (2.4) 45.9 (1.8) 2.4 (0.7) 48.3 (2.5)

S) and beech (HT-B) 10 % NMM 44.5 (1.5) 1.6 (0.3) 46.1 (1.8) 44.2 (1.0) 3.8 (0.5) 48.1 (1.6)
20 % NMM 45.9 (0.9) 1.3 (0.2) 473 (1.2) 44.8 (1.1) 4.3 (0.7) 49.1 (1.8)
30 % NMM 45.0 (1.1) 1.5 (0.4) 46.5 (1.6) 43.0 (1.2) 7.9 (1.2) 51.0 (2.4)
HT-S 195 °C 42.7 (1.0) 1.3 (0.1) 44.1 (1.4) 474 (2.0) 1.7 (0.5) 49.2 (2.6)
HT-S 210 °C 45.7 (1.7) 2.0 (0.4) 47.8 (2.1) 47.0 (2.4) 2.2 (0.6) 49.3 (3.0)
HT-B 195 °C 42.3 (1.2) 2.8 (0.4) 45.2 (1.7) 44.3 (1.0) 4.9 (0.7) 49.2 (1.8)
HT-B 210 °C 43.8 (1.5) 1.9 (0.5) 45.7 (2.0) 45.2 (1.1) 2.6 (0.6) 47.8 (1.7)

Standard deviations in parenthesis

4 Conclusion

The changes in the hygroscopic behaviour and wetting
properties of wood caused by various modifications have
significant consequences, in particular for the interaction
and adhesion of polymers (e.g. glues, paints, coatings). The
present analysis of water uptake (WU), apparent contact
angle data and surface energy characteristics of furfury-
lated, NMM modified and heat-treated wood lead to the
following conclusions:

e All modifications resulted in a considerable reduction
of WU in the three main directions of wood even after a
short contact time (24 h) with a saturated sponge. For
furfurylated wood, the higher WPG of furfuryl alcohol
had a slightly better effect. The reduction in WU was
not found to depend on the concentration of the NMM
treatment solution. The NMM treatment had the
maximum effect on the tangential WU and the lowest
on the longitudinal one. With the exception of radial
uptake of Scots pine, heat treatment at 195 °C gave
better results than the treatment at 210 °C. The lowest
WU caused by the heat treatment was noted longitu-
dinally for beech.

e Hydrophobicity of wood, as expressed by apparent
contact angle data, was increased by the modifications.
Some exceptions were observed, mainly for heat-
treated wood. The load of furfuryl alcohol and NMM
had no effect on contact angles, and so it was for the
treating temperatures in the case of heat-treated wood.
For both furfurylation and NMM treatment the tangen-
tial surfaces showed the highest increase of contact
angles, while the temperature had no effect on contact
angles between the heat-treated surfaces (radial,
tangential).

e Modifications provided radial and tangential surfaces
with a non-polar character due to the vast decrease of
the polar components of the surface energy and the
slight increase of the disperse ones. No major differ-
ences in surface polarity were found for different
treatments, intensities, and wood surfaces.
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