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ABSTRACT

The quality performance of surface coatings are evaluated with emphasis on Microwave (Mw)
irradiation, on both wood and oil modified alkyd-based varnish, separately. The surface pencil film
hardness value of 2B (5 in metric) found for neat varnish coated linden and spruce control samples.
It appears Mw exposure on both woods and varnish were effective for further increasing pencil
hardness which are about 4 and 5 unit higher than controls. It is also noticeable that a clear
improvement for cross-cut (adhesion) properties were realized with Mw treated varnish coated
linden woods. Although cold liquid resistance evaluations have conducted with 11 liquids, but
coated surfaces were showed the lowest resistance, assessed grade 1 (considerably changes) for
five of these liquids (juice, milk, ketchup, lemon juice, cola) regardless of conditions or wood
species. Therefore, results revealed some level correlation between Mw conditions and wood
samples for six of the cold liquids involved in the examination. Mw treated spruce samples usually
show 1 to 2 unit higher olive oil, vinegar, mayonnaise, ethyl alcohol resistance while no any
improvement found for coffee and mineral water. Linden samples usually show 1 to 3 unit improving
(higher) resistance against all these six cold liquids, regardless of Mw conditions. It is important to
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note that all Mw treated and varnish applied wood species subjected to olive oil, mayonnaise and
ethyl alcohol show very high resistant properties (graded 4 and 5). Similar results are also realized
with applying Mw irradiated vanish to both wood species. These variations and changes could be
results of chemical structural changes, including cross-linking by esterification and etherification,

promoted by Mw irradiation.

Keywords: Microwave exposure; surface adhesion; pencil hardness; cross-cut properties; cold liquid

resistance; alkyd varnish.
1. INTRODUCTION

The surface coating of wood substrates are
generally used to protect the aesthetic
appearance and detoriations from creatures [1-
3]. These may increase attractive value with
improving lifespan of wood substrates [4,5].
However, some surface coatings based on
natural and synthetic formulations can fill the
wood lumens and cavities, not being chemically
well bonded to the cell walls. In this case, the
effectiveness of coatings have limiting quality
characteristics which are, less resistance
to abiotic and biotic factors. Therefore, long-term
durability of coatings are paramount importance
[1-7].

The influences of coatings on the woods could
be found in many literature reports [1-7]. But
understanding of interaction mechanisms
between coating agent and wood are essential
for extending the service life of woods. However,
surface reactivity, hardness and resistance
against liquids are some important parameters
on surface quality assesments. Beside these
properties, the surface adhesion is also
fundamental, since it provides bonds between
the coating film and the wood surface. In
this challening topic, some methods have been
developed to improve interaction (adhesion)
between surface agents and wood surfaces. For
instance, microwave treatment has been
suggested to be an effective method for
modification of some common wood properties
of  glueabiliy, permeability, dryabilityand
hydrophilicity ~ which  could improved the
performances of surface finishing products [8-
13].

Microwave (Mw) radiation has become an
important alternative approach for modification of
materials. The chemical properties of wood and
other lignocellulosic sources make them suitable
substrates for Mw treatments. The Mw systems
have already been used to modify lignocellulosic
materials from simple surface properties to
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complex structural changes. A microwave
system was wused to «create a super
hydrophobic wood surface based on the
formation of CoFe,O, nanoparticles and
subsequent hydrophobization using fluoridated
alkylsilane [14]. However, a novel approach with
using phenolic resin via microwave-assisted
solvent-free synthesis were prepared [15]. A
detailed study conducted on visual, mechanical,
and chemical modifications of coatings when
exposed to microwave, operated under 2.4 GHz
and 750 Watts conditions [16]. It was found
mechanical and chemical properties of coatings
exposed to microwaves were not changed,
while colour and gloss exhibited minor changes
[16]. It is very important to control Mw
parameters  when  subjected to  wood
treatment. Because cell wall polymers could
be restrained and become hardened at high
temperature levels. Hence, too high energy
absorption may cause steam expansion checks.
But checking in the wood structure is not to be
always desirable for improving its reactivity,
depending on the wood species and anatomical
properties. It is consistently noticed that for
preventing detritus effects, the lower power
levels and small-time intervals of Mw should be
used [16,17].

Although numerous literature could be found on
surface coating evaluations, understanding wood
surface interactions are complex and involve
changes in many variables [13-20]. Some
literature reports has suggested modification of
wood substrates for making better adhesion with
surface agents [9-12]. But the majority of these
studies are usually focused on single parameter
(wood and/or coating agent) rather than both
while limited studies could be found on surface
property evaluations. In this regard, the objective
of this study was to investigate Mw treatment
effects on woods (spruce and linden) and oil
modified alkyd-based varnish, separately to
assess the quality of the coating layer on woods.

2. MATERIALS AND METHODS
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2.1 Materials

The wood materials of linden (Tilia cordata) and
spruce (Picea abies) samples were selected for
this study. An oil-modified, solvent-type
alkyd varnish, were supplied from a retail
store (A Turkish brand, carried label of K-Q, TS-
EN-ISO 9001, KG 708/98). 25 experimental

wood samples prepared for each wood
species in three different size groups:
11.0x11.0x1.5 cm; 5.0x5.0x1.5 cm and

30x8.0x1.5 cm (length parallel to tree axis x
width in radial direction x thickness in radial
direction). After preparation in the mentioned
dimensions, the samples were kept for 10 days
to become air-dry at 23 + 2 °C and 50 = 5%
relative humidity.

2.2 Methods
2.2.1 Microwave Treatment

A household type microwave owen, operated
under 2.4 GHz conditions, was used for the
modification of both wood and varnish [(Beko
brand, 20 It capacity with dimensions of 42.5 cm
(wide) x 26.2 cm (height) x 32.5 (length)]. It is
operated manually for controlling duration of
irradiation and power level. Two different set Mw
treatments were conducted, that is, Mw treated
wood + untreated varnish, and untreated wood +
Mw treated varnish, separately. The Mw trials
were conducted at power levels of 90-, 180-,
270-, and 360 Watts and at four durations (3.0-,
6.0-, 9.0- and 12 seconds) for woods (Mw treated
wood + untreated coating) experiments and 15-,
30-, 45-, 60 seconds for varnish (untreated wood
+ Mw treated varnish) at atmospheric pressures.
For Mw treatments of wood, the small wood
samples were placed in the center of the owen
and continuously Mw irradiated for a
predetermined time. At the end of Mw procedure,
the samples was brought to atmospheric
conditions, then these Mw treated woods were
subjected to varnish treatment by soaking them
in varnish for 1.0 min. Similar Mw procedure was
also conducted for alkyd varnish. 25 ml varnish
in glass tube was Mw irradiated for a
predetermined time. At the end of Mw exposure,
the wvarnish was brought to atmospheric
conditions and wood samples were soaked in it
for 1.0 min. After end of experimental
procedures, the varnished and completely dried
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samples were air-conditioned for 24 hours at 23
+2°Cand 50 +5 % relative humidity.

While many combinations were utilized during
Mw treatments on wood species and varnish
seperately, for simplicity, some code number and
abbreviations were established throughout the
study given in Text, Figures and Tables. These
are; s:spruce wood, b: linden wood; 0: control
samples; 90, 180, 270 and 360: Mw power level;
X: Mw exposured wood, Y: Mw exposured
varnish, Xs/bs,s,9,12: Mw irradiation time on
woods, Ys/bis3p45600 Mw irradiation time on
varnish.

2.2.2 Surface coating characterization

The properties the of cured coatings on wood
were assessed by cross-cut (adhesion), surface
pencil hardness (scratch resistance) and
resistance to selected household cold liquids.
The pencil hardness tests were conducted on
coated wood surfaces by using standard of EN
ISO 15184 [20]. The results of the test were
evaluated according to the pencil that scratched
the surface. There are 13 standard pencils
utilized in this experiment. They can be ordered
from soft to hard as follows; 6B, 5B, 4B, 3B, 2B,
B, HB, H, 2H, 3H, 4H, 5H, 6H. However, in order
to compare results more conveniently, the pencil
letter values are converted to numeric values as
given in Table 1. The test started with the softest
pencil (pencil number 6B or numeric 1). The
surface coating adhesion properties were
determined using cross-cut test procedure. This
method could be applied to wood surfaces
finished with one or multiple coating layers with a
total film thickness not exceeding 250 ym. The
adhesion of the coating film was classified
according to the standard EN ISO 2409 [21]. The
surface resistance to cold liquids was determined
according to the standard EN 12720 [22]. All the
variants of finished wood surfaces investigated in
this research were tested with respect to their
resistance to 11 selected cold liquids. Juice,
mineral water, milk, cola, ethyl alcohol, lemon
juice, olive oil, vinegar, coffee, ketchup, and
mayonnaise were used in the experiments, and
the effects were observed after 24 h. At the end
of the experiments, the surface was cleaned,
conditioned and then the tested areas were
carefully examined for any visible damage
(marks, change in gloss and/or colour, blistering
and other defects), being rated accordingly from
5 (maximum grade for no visible change) to 1
(minimum grade for strong mark/degradation).



Sahin and Ozcelik; JALSI, 24(5): 19-29, 2021; Article no.JALSI.71313

Table 1. Converted numeric values of pencils

Pencil 6B 5B 4B 3B 2B B HB H 2H 3H 4H 5H 6H
Numeric value 1 2 3 4 5 6 7 8 9 10 11 12 13
3. RESULTS AND DISCUSSIONS (radicals) in the porous structure of wood

Table 2 clearly confirm, Mw irradiation was very
effective for increasing surface film hardness for
both - wood  species. However, the  pencil
hardness values were 2H and 3H (9 and 10 in
metric) in all conditions, regardless of Mw time
and power level. These are about 4 and 5 unit
higher than the control samples which exhibited
lower values. A clear correlation was not found
between Mw conditions and spruce’s pencil
hardness values while a better responds were
observed with linden samples. Except linden
samples that treated in 90 Watt Mw conditions
which responds pencil hardness values of 2H (9
in metric), all others show surface pencil
hardness value of 10 (in metric) regardless of
Mw conditions. It could be speculated that the
surface scratch resistance of a wood is a
property of a coating film; but it was
demonstrated it could be influenced by the
Mw irradiated woods. It could be explained that
Mw treatment increased adhesion between
varnish and woods, probably by removing the
low-molecular weight compounds from the
surfaces with creating further reactive groups

surfaces by forming bonds across the interface.
There are numerous literature have already
demonstrated very high energy on irridated
substrates could be created by microwave
radiations which are enough for cleavage and/or
etchig of surfaces.

The pencil hardness properties of Mw treated
varnish applied on spruce and linden samples,
are comparatively shown in Table 3. Mw heated
varnish effective for increasing the surface film
hardness properties for both species. The
treatment seems to be more efficient, 1 to 2 unit
pencil hardness further improved, for linden at
similar  conditions compared to spruce.
Depending on conditions, spruce woods show 4
to 5 units (metric) and linden samples show 5 to
6 units (metric) higher surface film hardness
values than the controls. As mentioned above,
modification of mw treated varnish could be
explained by the presence of further reactive
groups in the varnish. It might be hypothesized
this was due to presence of new groups in
varnish, that effects bonding between wood and
varnish.

Table 2. Surface pencil hardness properties of Mw irradiated woods

Spruce Linden
Time Pencil Value A (metric) Pencil Value (metric) A
(Seconds) hardness (metric) hardness (metric)
0 2B 5 - 2B 5 -
90 Watts Mw treatments
3.0 3H 10 5 2H 9 4
6.0 3H 10 5 2H 9 4
9.0 2H 9 4 2H 9 4
12.0 2H 9 4 2H 9 4
180 Watts Mw treatments
3.0 3H 10 5 3H 10 5
6.0 3H 10 5 3H 10 5
9.0 2H 9 4 3H 10 5
12.0 2H 9 4 3H 10 5
270 Watts Mw treatments
3.0 3H 10 5 3H 10 5
6.0 3H 10 5 3H 10 5
9.0 3H 10 5 3H 10 5
12.0 3H 10 5 3H 10 5
360 Watts Mw treatments
3.0 2H 9 4 3H 10 5
6.0 2H 9 4 3H 10 5
9.0 2H 9 4 3H 10 5
12.0 2H 9 4 3H 10 5
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Table 3. Surface hardness properties of Mw irradiated varnish applied woods

SPRUCE LINDEN

Time Pencil Value A (metric) Pencil Value A (metric)

(Seconds) hardness (metric) hardness (metric)

0 2B 5 - 2B 5 -
90 Watts Mw treatments

15 2H 9 4 3H 10 5

30 2H 9 4 3H 10 5

45 2H 9 4 3H 10 5

60 2H 9 4 3H 10 5
180 Watts Mw treatments

15 3H 10 5 3H 10 5

30 3H 10 5 4H 11 6

45 2H 9 4 4H 11 6

60 2H 9 4 4H 11 6
270 Watts Mw treatments

15 2H 9 4 4H 11 6

30 2H 9 4 4H 11 6

45 2H 9 4 4H 11 6

60 2H 9 4 4H 11 6
360 Watts Mw treatments

15 3H 10 5 4H 11 6

30 2H 9 4 4H 11 6

45 2H 9 4 4H 11 6

60 3H 10 5 4H 11 6

For evaluating the surface sctrach resistance
properties of both wood species at similar
experimental conditions, the measured values
were plotted (Figure 1). However, a similar plot
shapes were observed for both Mw treated
woods (Fig. 1a) and Mw irradiated varnish
applications (Fig. 1b). As mentioned above, it is
clearly seen in both Mw situations (Fig. 1a and
b), linden samples showed a few units higher

sctrach resistance properties than spruce
samples.
The cross-cut testis a visual method for

assessment of the resistance of coatings to
separation from wood by utilizing a standardized
tool to cut a right angle lattice pattern into the
coating, penetrating all the way to the coated
surface. The coating adhesion assessed using
EN ISO 2409 standard (cross-cut test) and
evaluation chart shown in Table 4.

The cross-cut results of Mw treated and then
varnish coated wood samples are comparatively
shown in Table 5. The 90- and 180 Watt at 3.0
second Mw coated spruce samples show 1 unit
lower (negative value difference from control
indicates higher surface resistance) surface
cross-cut properties than control. It is noticeable
that 360 Watt in 3.0 second treated sample show
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the lowest cross-cut properties (assessed grade
4) while others usually show equal and/or 1 unit
higher cross-cut properties, compare to control
(control’'s assessed grade 2). However, linden
samples usually show lower cross-cut resistance
than spruce at similar Mw treated conditions. The
Mw treated linden samples at 90 Watt in 9.0
seconds (X90bg) and 360 Watt in 3.0 and 6.0
seconds (X360b; and X360bs) show the lowest
cross-cut resistance (assessed grade 5). It could
be summarized, neat varnish make a better
adhesion with Mw treated spruce woods than Mw
treated linden at similar conditions.

The adhesion between coatings and wood
surface could be measured numerically with the
help of special devices (Cross-cut) and materials
can be classified accordingly. The measured
numerical value is determined as adhesion
properties. The cross-cut properties of
Mw treated varnish coated wood samples are
comparatively shown in Table 6. For spruce, it is
noticeable that samples of Y90sg, and Y180ss
show higher cross-cut resistance than control
while rest of show equal and/or 1 to 3 level lower
cross-cut values. However, the lowest cross-
cut value of 5 (metric) was found at 360 Watt in
15 seconds Mw irradiated varnish applied spruce
sample (Y360s;5). In contrast to Table 5 findings
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for linden, a clear improvement for cross-cut
properties was realized with Mw exposured
varnish applied linden woods. The samples of
Y80bys, Y270bgy, Y360bss and Y360bg, show
only 1 unit lower cross-cut values while the rest
of show equal and/or 1 to 2 unit higher cross-cut
resistance, compare to control sample. It is
noticeable that Mw exposured varnish application

Pencil hardness
(metric)

N4 =
¥/
Time

V4 /:’ (Seconds)

on linden show improved cross-cut resistance
properties compare to results found with

Mw irradiated spruce samples in Table 5.
Microwave treatment technique suggested
being an effective way for

improving wettability and bonding properties for
some selected wood species [10,13,16, 19]. The
similar results were found in this study.

B

Pencil hardness
(metric)

15 °0

80

Time
(Seconds)

Fig. 1. Surface sctrach resistance properties of woods (A: Neat varnish applied on Mw treated
woods; B: Mw treated varnish applied on woods)

Table 4. Evaluation of the cross-cut area

Classification 0 1 2 3 4 5
Surface of
cross- cut area i -
from which = - # #
flaking has —tHT] 3 '
occurred. none 5% 5% —15% 15% —35% 35% —65% > 65%
Table 5. The cross-cut properties of Mw irradiated woods
Time (Seconds) Spruce Linden
Cross cut (metric) A (metric) Cross cut (metric) A (metric)
0 2 - -
90 Watt Mw treatments
3.0 1 -1 3 0
6.0 2 0 4 1
9.0 2 0 5 2
12.0 2 0 4 1
180 Watt Mw treatments
3.0 1 -1 3 0
6.0 2 0 3 0
9.0 2 0 4 1
12.0 3 1 4 1
270 Watt Mw treatments
3.0 3 1 4 1
6.0 3 1 4 1
9.0 2 0 4 1
12.0 2 0 4 1
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Time (Seconds) Spruce Linden
Cross cut (metric) A (metric) Cross cut (metric) A (metric)
360 Watt Mw treatments
3.0 4 2 5 2
6.0 3 1 5 2
9.0 3 1 4 1
12.0 3 1 4 1

Table 6. The cross-cut properties of Mw irradiated varnish applied woods

Time (Seconds) Spruce Linden
Cross cut (metric) A (metric) Cross cut (metric) A (metric)
0 2 - 3 -
90 Watt Mw treatments
15 3 1 1 -2
30 2 0 2 -1
45 3 1 1 -2
60 1 -1 1 -2
180 Watt Mw treatments
15 1 -1 3 0
30 3 1 3 0
45 3 1 4 1
60 2 0 2 -1
270 Watt Mw treatments
15 2 0 3 0
30 3 1 3 0
45 3 1 3 0
60 4 2 4 1
360 Watt Mw treatments
15 5 3 4 1
30 3 1 2 -1
45 4 2 3 0
60 4 2 4 1

Cross-cut
(metric)

”X\x\\:‘\\\\\\k. ‘ ~\\\.‘~‘\

W

= \

AR AN
AN

" spruce

e
Time

(Seconds)

S
Power

(Watts) -

Cross-cut
(metric)

Power ™~
(Watts)

(Seconds)

Fig. 2. Surface adhesion properties of woods (A: Varnish applied on Mw treated woods; B: Mw
exposured varnish applied on woods)

For evaluating Mw and coating variables
affecting on surface adhesion properties, finding
cross-cut values were plotted; as a correlation
between two wood substrates comparatively at
similar conditions (Figure 2). It seems to Mw
treated linden surfaces make a better bond with
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varnish than spruce samples (Fig. 2a). In
contrast, Mw exposured varnish appear to make
better bond formation with spruce surfaces than
linden (Fig.2b). Due to very high temperature
distribution, heat and mass transfer rates in the
microwave radiation, it is reasonable to
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hypothesized that the surface coating-wood
interactions are very complex phenomenon and
numerous variables effects on that context. It
has alreday well proposed that wood contains a
high amount of -OH groups, which is very
suitable for microwave irridiations [10]. In this
regards, Mw traetments readily modify surface
properties particularly permeability in some
extent. But for preventing deterious effects, the
controlled power levels and small-time intervals
of Mw should be used. Therefore, very complex
mechanisms  should control the surface
adhesions.

The coated surface resistance against cold liquid
tests have conducted with 11 liquids, but 5 of
them (juice, milk, ketchup, lemon juice, cola)
show the lowest resistance, assessed grade 1
(strong mark, the structure of the surface being
changed totally) and even not modified with Mw
treatments. Therefore, test results of six of these
liquids are given in Table 7, where average
values are presented for the 24-hour testing time.
However, the experiemental results given in
Table 7 clearly demonstrate spruce samples
usually show 1 to 2 unit higher olive oil, vinegar,
mayonnaise, ethyl alcohol resistance while
not any improvement found for coffee and
mineral water. Moreover, all linden samples
show 1 to 3 unit improving (higher) resistance
against all these six cold liquids than control,
regardless of Mw conditions. It is important to
note that all Mw treated and then varnish applied
wood samples subjected to olive
oil, mayonnaise and ethyl alcohol show very high
resistant properties (graded 4 and 5).

The Mw-exposed varnish applied woods to the
resistance of selected six cold liquids are shown
in Table 8, where average values are presented
for the 24 hours testing time. Similar results are
also realized in here that all spruce and linden
samples subjected to juice, milk, lemon juice,
ketchup and cola show the lowest resistance
which assessed grade 1 (strong mark, the
structure of the surface being changed totally).
The effects of other six selected cold liquids on
control samples were graded as 2 to 4 for spruce
and linden samples. However, these were
improved for all Mw treated varnish applied
spruce and linden, regardless of Mw conditions.
The wood surfaces coated with Mw exposured
varnish showed a medium resistance (grade 3-4)
to mineral water, vinegar and coffee for spruce
and vinegar and coffee for linden, which was 1 to
2 unit positively influenced by Mw. These
changes probably by promoting cross-linking,
possible due to the remained double carbon
bonds on varnish film in surface. It is important to
note that all Mw treated varnish applied samples
subjected to olive oil, mayonnaise and ethyl
alcohol show totally resistant to water (graded 4
and 5). It should be noticeable that the visible
marks following testing should not be necessarily
linked to the degradation of the coatings, but
could be determined by the penetration of liquids
through the coatings. It has alreday suggested by
number of researchers that the microwave
radiation could be modified wood while
particularly at the surfaces than its inside layers
[10,17,19].

Table 7. The cold liquid resistance properties of Mw irradiated woods

Spruce Linden
[}] [<}]
_ & - 0
-~ F. S 8§ £ _3 g T, ° 5§ £ 3 g
g 22 2 ¢ 9 Zzg g5 2§ 2 & & Zz3 %
FL2 =2 O S S s © =2 O s S s O
0 4 4 2 3 3 4 4 4 2 3 2 2
90 Watt Mw treatments
3.0 3 5 3 5 5 3 4 5 3 4 5 3
6.0 3 5 3 5 5 3 4 5 4 5 5 3
9.0 3 5 3 5 5 3 4 5 4 4 4 3
120 3 5 3 5 5 3 4 5 3 5 5 3
180 Watt Mw treatments
3.0 3 5 3 5 5 3 4 5 3 5 5 3
6.0 3 5 3 5 5 3 4 5 3 5 5 3
9.0 3 5 3 5 4 3 4 5 3 5 4 3
120 3 5 3 5 5 3 4 5 3 5 5 3

26



Sahin and Ozcelik; JALSI, 24(5): 19-29, 2021; Article no.JALSI.71313

Spruce Linden
[«}] ]
_ 2 _ 2
- %y 2 B E 2 E, 3 B O£ .3 g
g 28 2 g 9 Zzg £ g8 2 g 9 Z§ &
FL =2 © S S s © =2 O s ] s O
270 Watt Mw treatments
3.0 3 5 3 5 4 3 5 5 3 5 4 3
6.0 4 5 3 5 4 3 5 5 3 5 4 3
9.0 4 5 3 5 4 3 4 5 3 5 4 3
120 3 5 3 5 4 3 4 5 3 5 4 3
360 Watt Mw treatments
3.0 3 5 3 4 5 3 4 5 3 4 5 3
6.0 4 5 3 4 5 3 4 5 3 4 5 3
9.0 4 5 3 4 5 3 4 5 3 4 5 3
120 3 5 3 4 5 3 4 5 3 4 5 3

Table 8. The cold liquid resistance properties of Mw irradiated varnish applied woods

SPRUCE LINDEN
? ?
~ E. ° 5 £ _3 g EF.S § E _3 g
Es £ 2z ¢ g 235 £z E g 28 %
[ =3 (o] > § s ©O =3 O > § s O
0 2 4 2 3 3 2 4 4 2 3 2 2
90 Watt Mw treatments
15 3 5 3 5 5 3 4 5 3 4 5 3
30 3 5 3 5 5 3 4 5 2 5 5 3
45 3 5 3 5 5 3 4 5 2 4 4 3
60 3 5 3 5 5 3 4 5 3 5 5 3
180 Watt Mw treatments
15 3 5 3 5 5 3 4 5 2 5 5 3
30 3 5 3 5 5 3 4 5 3 5 5 3
45 3 5 3 5 4 3 4 5 3 5 4 3
60 3 5 3 5 5 3 4 5 3 5 5 3
270 Watt Mw treatments
15 3 5 3 5 4 3 5 5 3 5 4 3
30 4 5 3 5 4 3 5 5 3 5 4 3
45 4 5 3 5 4 3 4 5 3 5 4 3
60 3 5 3 5 4 3 4 5 3 5 4 3
360 Watt Mw treatments
15 3 5 3 4 5 4 5 5 3 4 5 3
30 4 5 3 4 5 4 5 5 3 4 5 3
45 4 5 3 4 5 4 5 5 3 4 5 3
60 3 5 3 4 5 4 5 5 3 4 5 3

4. CONCLUSIONS

An alternative approach has been used to
improve and assess wood surfaces in direct
relation with Mw treatments. However, effects of
Mw were revealed not only by wood changes,
which are actually part of material properties, but
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also by modifications of varnish and resistance of
surfaces to selected physical properties. These
alterations depended on the type of Mw
treatments and the substrate factors. An
interesting behavior was revealed for
Mw irradiated varnish. Its adherence to the
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spruce and linden slightly modified by Mw, whilst
their resistance to scratch resistance increased.
These results might be explained with some
chemical structural changes, including
cross-linking by esterification and etherification,
promoted by Mw irradiation. However, changes
in the chemistry of the Mw treated substrates as
a function of their chemical composition and of
the wood substrate at the interface level may
result in more serious damaging effects such as:
formation of micro-fissures affecting
transparency, decrease or loss of adherence,
flaking, and ultimately exfoliation.
In these regards, it reveals the fact that Mw might
bring both positive and negative effects which
should be carefully controlled.
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