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Abstract: The main purpose of this study was to investigate the hydrophobic effect and chemical
changes induced by thermo-treatment and alkyl ketene dimer (AKD) on the surface properties of
Alder (Alnus cordata (Loisel) Duby) wood before and after an artificial weathering test. Thermal
treatment was conducted at a temperature of 200 °C for 4 h in a thermo-vacuum cylinder. Then,
the paper sizing agent, AKD at different concentrations of a solution of 0.1%, 0.5% and 10% was
used as a potential hydrophobizing reagent for untreated and thermally treated alder wood surfaces.
The contact angle measurement, ATR-FTIR analysis and colour variation were carried out for the
samples. The preliminary results revealed that the contact angle values of the wood materials increased
with thermal modification. However, the influence of the thermal treatment on hydrophobicity was
small when compared to the substantial effect of the AKD application in this respect, and also after
the artificial weathering test. The FTIR analysis supported the hypothesis that AKD could make
bonds chemically stable even when using a small concentration of AKD. The findings acquired in this
work provide important information for future research and the utilization of the AKD on lesser-used
wood species.

Keywords: underused wood species; thermo-vacuum treatment; surface degradation;
hydrophobic effect

1. Introduction

It is known fact that wood undergoes degradation processes when exposed to exterior conditions.
In particular, the surface is affected by exposure to light and water. The hygroscopic nature of wood
produces some undesirable properties [1]. Due to water absorption and desorption, it is easily subjected
to the biological attack of fungi and insects as well as dimensional instability. All of these adverse
factors influence the overall properties of wood in outdoor use.

To enhance the performance of wood under critical environmental conditions, different approaches
may be applied. There are several chemical treatments to preserve wood surfaces, but these could
cause toxic emissions during the production, service life and after use [2]. An important alternative to
preserve wood is thermal modification.

As noted by Hill [3], the heating temperature used during the treatment provoked changes
in the wood. Thermo-treatment removes water from wood and causes changes in the chemical
composition of wood and ultrastructure through autocatalytic reactions and cross-linking of the
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cell-wall constituents [4,5]. The wood became less hygroscopic, and an improvement in dimensional
stability could be observed [6]. However, thermally modified wood shows a general decrease in
mechanical properties. The colour change is not permanent in time when the wood is exposed to
exterior situations. Decay resistance does show some improvement, however is not recommended to
use thermally treated wood in ground contact situations [3,6].

Hemicellulose degradation starts with the hydrolytic cleavage of acetyl followed by carboxyl
groups from the side chains, which in the presence of temperature and water, leads to the formation
of acetic and formic acids. Afterwards, organic acids catalyze the further hydrolysis of the cell wall
polysaccharides. The corresponding sugars can be further dehydrated to aldehydes, with furfural and
hydroxymethylfurfural being typical products originating from pentoses and hexoses [7,8].

The degradation of amorphous cellulose also occurs which implies the inaccessibility of hydroxyl
groups to water molecules. This is one of the factors that contribute to a decrease of equilibrium
moisture content. However, the lignin degrades and its content increases and new methylene bridges
arise which are responsible for crosslinking [9-11]. At the same time, heat treatments modify the
wettability of wood, which is directly related to the chemical changes of the wood structure, especially
to the degradation of the hemicelluloses.

The effectiveness of water-repellency treatment can be defined as the ability of a treatment to
prevent or control the rate of liquid water uptake [12]. Several direct and indirect analytical approaches
have been adopted to wood samples, including the measurement of wettability through the water
contact angle (WCA) [12,13]. The relevance of the determination of the wettability of wood and its
significance in wood science was critically discussed by Petri¢ and Oven [13].

Numerous investigations were carried out on the wettability changes of wood during heat
treatment. General statement thermo-treatment has induced a reduced wettability [3]. However,
Huang et al. [14] stated that induced weathering increased the wettability of heat-treated wood.

Weathering is a complex process that modifies and degrades the overall molecular structure of
wood and wood-based products. The ultraviolet (UV) radiation is one of the main responsible of
the photodegradation, causing the fastest and the strongest degradation of the wood components.
The quantum energies of UV light break many of the chemical bonds presented in the wood
constituents [15].

Thus, a certain degree of surface degradation of the treated wood used in outdoor conditions
would still be expected. Therefore, surface protection of thermo-treated wood products would be
necessary to enhance the overall effective service life of the final product [15].

While thermal modification of wood is an important alternative for improving technological
performance, numerous studies have proposed making wood materials water-repellent by using
various derivatives of anhydride, epoxide, alkyl chloride, aldehyde and chlorosilane [16], such as
octadecyltrichlorosilane, which according to Hui et al. [17], have exhibited hydrophobic properties.
Other chemical treatments of esterification, such as acetylation of cellulose [18] or natural fibers [19],
can also be used.

An interesting treatment regarding the use of fluorine, which is a chemical element with the
highest electronegativity, has led to hydrophobic characteristics in carbon fiber [20]. For wood,
fluorination converts the bond between the carbon and hydroxyl groups into C-F bonds, thus making
it hydrophobic [21].

Alkyl ketene dimer (AKD) can be also used to make wood surfaces hydrophobic [22] and is a
widely used hydrophobization chemical in the papermaking industry [23]. Compared with other
chemical compounds, it exhibits low toxicity, requires no special equipment, and the solvents involved
are recyclable. Each AKD molecule is composed of two alkyl chains and one hetero four-member ring
that reacts to hydroxyl groups to bind (3-ketoester linkages [23,24].

There were three different hypotheses of the mechanisms of the reaction of AKD with cellulose
materials. The first hypothesis states that the substance could react directly with cellulose hydroxyl
(principally with C6 hydroxyl) as it is less sterically hindered when compared to the hydroxyl group
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on C2 or C3 [25-28]. The second one indicates that the mechanism of the reaction of AKD and
water molecules is faster than cellulose even if it produces an unstable (3-keto acid [29,30]. The third
hypothesis takes into account whether the reaction could occur between AKD molecules forming an
oligomer [31]. Other authors [32,33] have argued that the reaction between the hydroxyl groups in
cellulose and AKD is essential to repel water.

However, although many studies were carried out related to the use of AKD on the wood
surface, the investigation of the chemical reaction after an accelerating weathering test remains
poorly investigated.

During the last decades, the demand for sustainable material removing the use of toxic chemicals
obtaining materials with great potential and durability has been increasing. For this reason, it has
raised the necessity to modify the wood products. High-value wood resources might be obtained
with different processes, including impregnation, chemical modification or thermal treatments, among
others. The potential economic gain is more attractive when considering lesser-used or minor wood
species of relatively low market value.

The effects of thermal treatments on properties of lesser-used hardwood species, such as Alder
wood, have been understudied [15]. Italian Alder (Alnus cordata (Loisel) Duby) can grow very
rapidly (up to 30 m tall and reaching 70-80 cm in diameter) in the soil at increased humidity along
watercourses [34-36]. Italian alder grows along the watershed, even at high altitudes mainly in Southern
Italy. These species have been introduced in Sardinia and the Southern Alps. Recent plantations were
also established in other European countries including France, Spain, Portugal, England, and the
Netherlands. It has also been recently introduced in New Zealand and Chile [15]. It shows a density
of 0.560 g/cm3 at 12% moisture content, while the strength is variable with density. Normally, the
compression value is approximately 36 N/mm?, and the bending approximately 80 N/mm? [37]. It is
mainly used for energy, but also for furniture, paneling, plywood, and paper pulp. Italian Alder wood,
similarly to Black alder, for its machinability, colour homogeneity, and pleasant appearance, could be
an alternative for different industrial destinations [38,39].

At present, this wood material has low commercial value for different reasons, mainly related
to the economic competition caused by wood species from abroad. To reduce the importation of
wood material, an environmentally friendly improvement of the properties of native or adapted minor
species is one of the new challenges for wood researchers.

Our research assumes a gradual increase of hydrophobicity of untreated and thermo-treated Alder
woods using AKD. The choice of a water-repellent agent, such as AKD, for the superficial processing
of Alder wood is conditioned by the need for the application of a low toxicity chemical agent able to
maintain the properties of natural wood by improving its water-repellency.

This study combined thermal bulk-modification alder with additional surface treatment using AKD
at different concentrations. The main purpose of the present study was to investigate the hydrophobic
effect and chemical changes induced by thermo-treatment and AKD on the surface properties of
Alder wood before and after an artificial weathering test. The changes in surface hydrophilicity were
investigated utilizing WCA measurements. The attenuated total reflectance-Fourier transform infrared
spectroscopy (ATR-FTIR) was used to investigate the chemical changes of the wood surface.

2. Materials and Methods

2.1. Sample Preparation

Four Alder (A) trees were selected and harvested in the Apennine forest (Calvello municipality,
Basilicata Region, Southern Italy, 40°28'12.1""N 15°51”59.3"’E). The logs were then sawn in a commercial
sawmill in boards of 40 mm (tangential) X 200 mm (radial) X 2200 mm (longitudinal). For this study,
1 m3 of boards were randomly selected. Half of the boards were initially dried to 0% moisture content
in a vacuum ranging from 185-200 mbar at a temperature of 90 °C for 4 h. The drying process started
at an initial temperature level of 30 °C and increased to 90 °C at 5 °C per hour intervals. In the next
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step, the thermal treatment was applied to the boards by gradually increasing to a final temperature of
200 °C, under 220-320 mbar of pressure conditions for 4 h in a thermo-vacuum cylinder (WDE-Maspell
s.r.l., Terni, Italy). Further information on this technology has been described by Todaro et al. [40].

After the thermal-vacuum treatment, 24 defect-free specimens (5 mm X 50 mm X 50 mm tangential,
radial and longitudinal) were cut and randomly assigned to groups according to Table 1.

Table 1. Experimental design of untreated and thermo-treated alder samples.

Treatment Pre UV Test Post UV Test
Untreated A A post UV
Thermo-treated ATH ATH post UV
Untreated + 0.1% AKD A +0.1%AKD A + 0.1%AKD post UV
Thermo-treated + 0.1% AKD ATH + 0.1%AKD ATH + 0.1%AKD post UV
Untreated + 5% AKD A +5%AKD A + 5%AKD post UV
Thermo-treated + 5% AKD ATH + 5%AKD ATH + 5%AKD post UV
Untreated + 10% AKD A +10%AKD A +10%AKD post UV
Thermo-treated + 10% AKD ATH + 10%AKD ATH + 10%AKD post UV

(UV: Ultraviolet; A: Alder; ATH: Thermo-treated wood; AKD: Alkyl ketene dimer).

The untreated and the thermo-treated wood samples were then exposed for one month to a climatic
chamber in a controlled environment (20 °C and 65% of humidity). The samples were immersed in
three different AKD/toluene solutions at an ambient temperature for 10 s each.

The AKD solutions were obtained by dissolving AKD wax C18 in the toluene solvent to achieve:
0.1%, 5% and 10% concentration (w/w). Then, the samples were put under a fume hood where the
toluene was allowed to evaporate overnight. Finally, the samples were kept at the standard climate of
20 °C and 65% of the relative humidity.

2.2. Water Contact Angle (WCA)

The angle formed between the wood surface and the line tangent to the droplet radius from
the point of contact with the wood surface was determined using digital image analysis software
(Drop Shape Analysis, Kriiss GmbH, Germany). Demineralized water of 6 uL. was employed for the
measurements. The WCA was recorded every 0.5 s for a total of 120 s, thus for each drop, a total
number of 240 WCA values were recorded. Each measurement was undertaken 3 times on each of the
24 wood specimens before and after the weathering test.

2.3. ATR-FTIR Analysis

Each of the 24 samples was analyzed, before and after the weathering test, with an ATR-FTIR
spectrometer (PerkinElmer, FT-IR Spectrometer Frontier, Perkin-Elmer Inc., Norwalk, CT, USA.) with
Spectrum™ Software operating on 4 scans and 2 cm™~! resolution. The spectra were recorded within a
wavelength from 650 cm™! to 4000 cm™! and were baseline corrected and normalized by the software.
To normalize the infrared spectra, the band referred to 1025 cm™! in the fingerprint region was used.
For the samples with AKD, the band usually used was at 2917 cm™!

2.4. Artificial Weathering Test of the Samples

The wood samples were tested in artificial weathering using the fluorescent UV lamp and water
test. The test was carried out according to the European standard (EN 927-6) and the experiment
lasted one week. The cycle started with 24 h conditioning, followed by 2.5 h UV and then 0.5 h water
spraying. These two phases were repeated for 6 days. All the samples were put in a chamber test for
116 h having 24 h conditioning, 15 h spraying water, and 77 h UV irradiation.

The apparatus was equipped with ultraviolet A (UVA) 340 nm lamps maintaining the constant
temperature with a value of 45 °C during the conditional phase and 60 °C during the UV irradiation.
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The irradiation set point was 89 W/m? at 340 nm and the conditions during the spray phase were from
6 L/min to 7 L/min during UV off.

2.5. Colour Variation

The colour changes during aging were constantly monitored on the specimens based on the
method of the Commission International de 1’Eclairage (CIE) using color parameters, L*, a* and b* [15]
and their average values were calculated for each treatment.

Colorimetric measurements, by using Minolta CM-2002 spectrophotometer (Minolta Corp.,
Ramsey, NJ, USA), were also performed on three separated locations and repeated three times before
thermo-treatment, after thermo treatment and after AKD. In addition, the measures were repeated
after weathering test.

3. Results and Discussion

3.1. Water Contact Angle (WCA)

The results of the WCA measurements of untreated and thermo-treated alder wood, before and
after UV, were displayed in Figures 1 and 2. As expected, water was absorbed faster by the untreated
wood (A) compared to the thermo-treated wood (ATH) (Figures 1a and 2a). The lower wettability on
the wood surface after thermal treatment could be ascribed to several events taking place in the wood.
One of the probable causes are the migration of non-polar extractives to the wood surface during
heating [7,14,41].
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Figure 1. The water contact angle (WCA) during time on untreated alder samples (A), before (a) and
after UV exposure (b).
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Figure 2. WCA during time on thermo-treated alder samples (ATH), before (a) and after UV exposure
(b).

Several other parameters also play an important role in the reduced hygroscopicity of wood
surfaces [4,42]. For example, the different types of reactions between the cell-wall components occur
during heating and they imply a cross-linking between the lignin and polysaccharides, and a reduction
in free hydroxyl groups. At high temperatures, the hemicelluloses, as one of the first structural
components of wood that changes during heating [6], may undergo oxidation and pyrolysis reactions.
They can also cause changes in compounds, like the formation of furfural polymers, which are
considered to be less hygroscopic compared to hydroxyl groups [43]. The hydrophobicity of both A
(10.1 after 9 s) and ATH (23.1 after 120 s), before artificial weathering, were greatly improved after the
application of AKD (Figures la and 2a). The hydrophobic effect of the AKD substance could be caused
by the esterification reactions between AKD and wood compounds, like hemicellulose [23,24].

After artificial weathering, the WCA of A (3.9 after 2.5 s) and mostly ATH (4.6 after 11 s) decreased
significantly (Figures 1b and 2b). This result is similar to other published studies. The initial WCA of
the heat-treated specimens were higher than the untreated samples [44], but after the weathering test,
the difference in WCA between the control and TH was limited. Some of the previous studies stated
that these changes in the wettability were strictly due to the combination of structural and chemical
changes of wood surfaces [45,46].

The Figures 1 and 2 suggest that after artificial weathering, the hydrophobicity remains unchanged
for the A and ATH wood surface treated with 5% and 10% of AKD. However, for the wood sample
A + 0.1% AKD (from 129.8 to 60.58) and ATH + 0.1% AKD (from 139.0 to 50.21), a decrease of WCA
was observed.

3.2. ATR-FTIR Analysis

In Figure 3, the FTIR spectra before UV exposure, between the wavelengths of 4000 cm~! and 600
cm™! of both untreated (A) and thermo-treated alder wood (ATH), are displayed.
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Figure 3. Comparison of FTIR spectra of alder wood (A and ATH, respectively).

As stated by Colom et al. [47], in the spectra, two different areas can be observed: The first was
between 3600 cm™! and 2700 cm™! and it was referred to the stretching vibrations of O-H and C-H
groups; the second between 1800 cm™! and 800 cm™!, is called the fingerprint region, assigned to
stretching vibrations of wood structural compounds.

Clear differences could be noticed in the fingerprint region. The first important difference was the
intensity of the band of 1734 cm™!, assigned to the C=O stretching vibration of acetyl or carboxylic
acid which was slightly smaller in ATH. As stated by Colom et al. [47], this variation indicated the
cleavage of the acetyl side chains in the hemicelluloses.

After thermo-treatment, a band at 1335 cm™! appeared. A previous study has used this doublet
to monitor the described degradation process. Colom et al. [47] reported that a decrease in the
ratio between the absorption band of 1335 cm™! and 1316 cm™! signifies an increase in crystallinity.
This indicated that the degradation process was more intense in the amorphous cellulose component
than in the crystallized portion.

Another significant difference was in the doublet at 1610~1595 cm™~! which occurred only in spectra
A. The presence of this doublet before the heat treatment showed that the lignin was a mixture of the
guaiacyl and the syringyl components [48]. After thermo-treatment, the strong decrease of a band at
1610 cm~! meant that only the degradation of the the guaiacyl occurred, most likely due to its easier
degradation compared to the syringyl [49]. This behavior was confirmed by bands at 1595 cm™! and
1510 cm™~!, based on the aromatic skeletal vibration in the lignin having a similar intensity before and
after the treatment. This result can be attributed to the predominant syringyl units, which remained
unchanged after the heating process [47].

There were other signals that did not change after thermo-treatment but were equally
important—1377 em™!, 1240 em™, 1165 em™!, and 1030 em ™! were assigned to C-H, C-O-C and C-O
stretching vibrations of the different groups in carbohydrates, and 898 cm~! was connected to the
amorphous region of cellulose.

In Figure 4, the FTIR spectra of A and ATH, pre and post UV, are displayed showing only the
fingerprint region.
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Figure 4. Comparison of FTIR spectra of A and ATH before and after UV of the fingerprint region.

After UV treatment, many changes take place in the fingerprint region (Figure 4). The bands 1595
cm~!, 1510 ecm™!, and 1465 cm™!, assigned to the lignin component, decreased significantly in both A
and ATH as a result of the irradiation process. This means that the structure of lignin polymer was
degraded to a significant extent. The decrease of bands at 15951510 cm~! showed that the guaiacyl
nuclei (1510 cm™!) are more sensitive to the artificial aging degradation process that the syringyl nuclei
(1595 cm™1). In contrast to what was claimed by [50], the absorbance to stretching vibration of acetyl
or carboxylic acid at 1730 cm™! decreased greatly. After UV, the doublet at 13351316 cm™~! assigned
to the cellulosic component developed, resulting in a high crystallized cellulose content. During the
weathering test, the degradation of the amorphous cellulose component was more intense. The band
at 1426 cm™! related to CH, stretching, shifted at 1430 cm™! after the degradation of amorphous
cellulose [51].

For a better understanding of the effect of the hydrophobizing reagent on wood surfaces, it is
essential to analyze, in advance, the ATR-FTIR spectra of AKD (Figure 5).
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Figure 5. FTIR spectra of alkyl ketene dimer (AKD).

The specification bands of AKD are at 2915 cm~! and 2848 cm~! which characterize the C-H
stretching vibration representing methyl and methylene groups of the alkyl chain in the AKD molecule.
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There are other relevant signals, 1848 cm™' connected to the stretching of C=C and the band at
1700 cm™!, related to the group C=0. These characteristic signals related to AKD can be observed
also in Figure 6. The FTIR spectra of untreated (A) and thermo-treated alder (ATH) with different
concentration of AKD on their surfaces showed high intensity bands ranging from 2850-2950 cm™".
This is characteristic of the AKD molecule and the sharp peaks located at 1467 cm™! and 1845 cm™!
that represent the C=C and C=0O groups in the lactone ring of the AKD molecule.
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Figure 6. Comparison of FTIR spectra of A (top) and ATH (bottom) with AKD.

The reaction mechanisms of AKD with wood fiber hydroxyl groups of cellulose were considered
as an esterification reaction by Hubbe [23] and Seppénen [24]. The evidence of this reaction was
the presence of the band at 1720 cm™!, indicating that the carbonyl groups originated from both
the AKD and wood compounds. This band would underline the reaction between the AKD and
wood surface since the band relative the stretching C=0 in wood and in pure AKD was present at
different wavenumbers.

As expected, the significant differences in intensity of the bands among a different concentration
of AKD were recorded. Furthermore, there were differences between A and ATH samples immersed
in AKD solutions, in particular at the concentration of 0.1% AKD. This was correlated to the
thermo-treatment that destroyed and changed some chemical components of the cell walls that
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may act as binding sites [4,5]. Therefore, it could be assumed that the effect of AKD was significant,
even at a low concentration of the solution.

After the weathering test, the analysis of ATR-FTIR showed some relevant differences (Figure 7).
As previously discussed for Figure 4, the main changes occurred in the fingerprint area of the wood.

— A post UV

0.9 — A+0.1% AKD post UV
A+5% AKD post UV

— A+10% AKD post UV

0.8

Absorbance

ol

4000 3500 3000 2500 2000 1500 1000
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0.9 — ATH+0.1% AKD post UV
ATH+5% AKD post UV

0.8 — ATH+10% AKD post UV

Absorbance

4000 3500 3000 2500 2000 1500 1000
Wavenumbers [1/cm]

Figure 7. Comparison of FTIR spectra of A (top) and ATH (bottom) with AKD after UV exposure.

The other relevant changes were displayed in the spectra: The bands ranging from 2850-2950 cm ™,
which is typical of a AKD molecule; and the bands at approximately 1730 cm™~!.

The 2915 cm™! and 2848 cm ™! peaks which were C-H stretching vibration representing methyl and
methylene groups of the alkyl chain in the AKD had a minor intensity in the spectra ATH + AKD post
UV compared to A + AKD post UV. This could be dependent on the degradation of the methyl group
of AKD. In the case of ATH samples, the C—-H wood groups already modified by the heat treatment
continue to alter further by lowering the intensity of this area of the FTIR spectrum. The band at
1730 cm™! almost disappeared. The ester group, and thus the principal interaction between AKD and
wood compounds, had been degraded by UV irradiation. Considering that the effect of waterproofing
of AKD did not vary significantly, according to the WCA analysis, it could be assumed that there were
other interactions more or less strong between the wood and wax AKD.

Several authors have demonstrated [26-28,32,33] that AKD has the potential to substitute other
surface treatments to obtain a durable hydrophobic effect. Furthermore, AKD could be also used
as an antifungal treatment [52]. In fact, the authors demonstrated that wood treated with AKD
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showed a promising resistance against G. trabeum, C. versicolor, P. placenta, but failed to prevent C.
puteana attacks.

A previous study investigated the use of AKD to modify particleboard surfaces [53]. The authors
stated that the hydrophobicity attained with AKD was due to esterification with wood hydroxyl groups
and a subsequent orientation of the hydrocarbon chains [54]. Although FTIR-spectroscopy indicated
ester formation, the strong absorption bands decreased after toluene extraction.

3.3. Colour Variation

The changing in natural coloration of wood and, in particular the darker tonality after heating
(—26.39), can be attributed to the chemical reactions of oxidation or to the formation of a new compound
by degradation of the wood component (Table 2). These results and the differences between the
untreated and thermo treated samples before and after the weathering test, are largely discussed in a
previous work [15].

Table 2. The colour change (mean value) for both the treated and untreated alder. The colour variation
of ATH samples are referred to A control samples.

ALDER AL Aa Ab AE

Control samples

A 0 0 0 0

A + 0.1%AKD -0.14 0.03 0.36 0.42

A + 5%AKD -0.62 0.77 0.42 1.34

A + 10%AKD 0.05 0.63 0.45 0.87
Thermo-treated

ATH -26.39 3.10 0.83 26.58

ATH + 0.1%AKD -0.38 —-0.44 -0.01 1.32

ATH + 5%AKD 0.57 -2.02 -8.27 8.58

ATH + 10%AKD -0.04 -1.37 -8.78 8.90

After immersion of each sample in AKD solutions, the change in colour for the untreated samples
are negligible. In case of thermo-treated wood, the total colour variation was due mainly to the
modification of b* coordinate (—8.27 and —8.78).

The color change of the specimens in terms of AL, Aa, Ab and AE occurring after the weathering
test are displayed in Table 3.

Table 3. The colour change (mean value) for both the untreated and treated alder after the
weathering test.

ALDER Post UV AL Aa Ab AE

Control samples

A -5.02 -0.34 1.66 5.31

A + 0.1%AKD —8.52 4.76 7.52 12.36

A + 5%AKD -5.73 -1.23 -3.61 7.00

A + 10%AKD —-6.34 -0.73 -5.35 8.34
Thermo-treated

ATH 1.11 -2.50 -2.58 3.90

ATH + 0.19%AKD 4.22 -2.72 —-4.13 6.58

ATH + 5%AKD 6.24 —-2.74 -1.32 7.28

ATH + 10%AKD 7.68 -3.04 0.59 8.47

Alder wood, in both untreated and thermo treated samples, showed that AKD did not create
a layer to protect and cover the wood by a photo-degradation. In fact, in terms of the total colour
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variation, no significant difference was depicted when AKD was used. On the contrary, compared
to A and ATH, the wood surface covered by AKD seemed to be less appropriate to protect wood
by photodegradation. For the ATH sample at an increasing concentration of AKD solution, the AL*
increased and the surfaces were thus slightly lightened. The interaction of photon energy with the
wood samples covered with AKD solution involves complex physical and chemical reactions only
partially explained through ATR-FTIR analysis [15].

Our preliminary research presented an assessment of the effectiveness of the chemical modification
of underused, untreated, and thermo-treated woods using AKD in improving its hydrophobicity. The
AKD/water dispersions are commercially available and more environmentally friendly than toluene.
However, the scope of this research was to highlight the main evidence of the relationship between
AKD and alder wood surface.

4. Conclusions

e The untreated and thermo-treated wood samples treated with 0.1% of AKD had a significant
decrease in WCA after the weathering test.

e  The FTIR analysis showed that guaiacyl nuclei in the alder wood was more sensitive to heat
degradation than syringyl nuclei.

e  The presence of the band between 1720 cm™! in the FTIR spectra before the use of UV could
indicate the formation of the carbonyl groups originated from the reaction between AKD and
hydroxyl groups of cellulose, making the surface water repellent.

e  After the weathering test, the band between 1700 cm~! and 1750 cm™! in FTIR spectra disappeared,
thus it could be assumed that there were other interactions, more or less, strong between the wood
and AKD.

e  The analysis of WCA showed that the investigated range of AKD, at 5% and 10%, did not differ in
wettability also after weathering test. This evidence suggests that the optimal solution could be
found in this range.

e Interms of colour variation, the results revealed that AKD in outdoor conditions was not very
effective in restricting UV light induced degradation in the wood specimens.
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