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Abstract: This paper presents the results of tests of a new mono-component polyurethane coating for
wood with the aim of evaluating its effect on Ayous (Triplochiton scleroxylon K. Schum), which is a
wood species used in Europe for various applications, especially outdoors, after being heat treated.
The coating was tested on both untreated and thermally treated samples, as the latter procedure is
commonly used in the wood industry to modify the material’s characteristics. Moreover, two kinds of
coating application were tested: coatings applied via brushing and coatings applied via spraying; in
this test, we also verified the most suitable and effective modality. Samples were investigated using
the following techniques: colour measurement, roughness mapping, contact angle measurement,
surface micro-hardness and the wearing test; these techniques were applied before and after a
period of artificial ageing under simulated solar irradiation. Upon synthesizing the main results,
we identified the following results: (i) the polyurethane coating reduced the colour variation as a
result of artificial aging of the untreated Ayous wood; in contrast, heat-treated wood underwent large
colour changes; (ii) the coating acted effectively as a hydrophobic agent on the surface of the wood
in each case examined, though even a short aging time altered the initial wettability characteristics;
and (iii) the application of the coating caused a decrease in the roughness of both untreated and
heat-treated surfaces, though this trend was much more evident in the case of the spray modality of
application; however, aging always induced an increase in roughness, which was mainly observed in
uncoated wood samples.

Keywords: Ayous wood; Triplochiton scleroxylon K. Schum; polyurethane coating; colour; roughness;
contact angle; micro-hardness; wearing test

1. Introduction

Wood is essentially made up of biopolymers such as cellulose, hemicelluloses, lignin
and extractives. Due to its technological properties, it is commonly used as an engineering
and structural material. Its aesthetic qualities, which are derived from the colour and
anatomical characteristics of the woody products, greatly vary between wood types of
different botanical species. Due to its aesthetic qualities, it is widely used in either solid
form or as a derivative, such as plywood and veneers, both indoors and outdoors.

Wood is a highly sustainable material that is derived from properly managed forests
and plantations. The management of wood can be certified according to schemes that
testify to its sustainability. Wood and its derived products are, therefore, interesting
alternatives that can be used in construction, as they are of biological origin, renewable,
low cost and energy efficient and have highly appreciated aesthetic characteristics. In
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addition, the dry matter of the wood contains approximately 50% carbon by mass, which
is derived from the atmospheric CO; that the source tree absorbed and stored during its
growth phases; therefore, using wood products presents an opportunity to combat climate
change. However, wood and wooden products undergo biological degradation by both
organisms and abiotic factors, such as light radiation and atmospheric precipitation, which
can synergically impoverish the surfaces [1-4]. Thermal modification is a valid alternative
that can be used to achieve controlled degradation to improve dimensional stability and
prolong the original durability of the wood [5-7]. In this case, the surface of the wood is
affected by atmospheric agents; this process generally occurs more in treated wood than in
untreated wood [8]. Accordingly, interventions that can adequately preserve the surface of
the heat-treated wood are considered favourable by its users. It is, therefore, necessary to
analyze coatings that can be both eco-sustainable and harmless to operators, users and the
environment [9-11].

This study deals with Ayous wood, which is derived from the species Triplochiton
scleroxylon K. Schum. This species is widely distributed in tropical areas of central-western
Africa that have uneven annual rainfall distribution [12,13]. The major exporting countries
are Cameroon, Ghana, Ivory Coast, Niger and Nigeria [14]. Ayous wood is very popular
and widely used in the Western market [15]. This wood is mainly used in outdoor coverings
of buildings, especially in Northern and Central Europe, which exposes Ayous to degrada-
tion agents, such as UV, moisture, and biological attacks [16,17]. Moreover, Ayous may be
considered a low durable wood, the durability of which could be improved by applying
different kinds of coatings or via thermal treatment, which represents a valid alternative to
the use of chemical preservatives [18,19]. Thermal treatment is widely used in the wood
industry to increase the stability of the material by reducing the water adsorption due to the
resulting decrease in available free hydroxyl groups of carbohydrates [20,21]. The reduction
in hygroscopicity contributes to the dimensional stability of the material, as swelling and
shrinkage are mainly related to water absorption and desorption processes [22,23]. Further,
the treatment with heat causes physical-chemical alteration of wood surfaces, making the
material appear darker in colour [5,18-21,24,25]. This change is generally well-appreciated
by consumers in Western markets, who prefer it to the original light-yellow colour of Ayous
wood [21,25].

Thermal treatment also causes a reduction in the wood’s mechanical characteris-
tics, such as compression strength, static bending and Brinell hardness, as well as in
some physical characteristics (dry density and basic density), as discussed in the paper of
Gennari et al. [26].

Moreover, previous works showed that thermally treated samples exhibited great
variations in colour and chemical properties because of artificial ageing [27]. For this reason,
surface protection could also be necessary in the case of thermally treated Ayous wood,
leading us to test the protective affect a new mono-component polyurethane coating, which
we applied to both untreated and heat-treated samples. This kind of protective agent and
its possible application modalities have never been studied before in relation to Ayous
wood; thus, this study constitutes a novel experiment in the field of wood coating studies.

Polyurethane-based coatings are widely used as protective agents for wood and other
materials thanks to their high versatility, which allows manufacturers to produce different
kinds of products with a wide range of properties that can be further modified by additives
or nanomaterials [28-30].

Generally, polyurethanes are made up of two components mixed at the time of
use to allow the polymerisation and formation of the coating [31,32]. Mono-component
polyurethane coatings, the hardening process of which occurs in line with the environ-
ment’s humidity, are less frequently used, and no study of their application on wood was
found in the literature. For this reason, the objective of the present study is to investigate
the effect of a new mono-component polyurethane coating on the surface properties of
Ayous wood using both untreated and thermally treated, with the latter procedure usually
being applied at an industrial level. To evaluate the effect of the coating, colour, wetta-
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bility, roughness, micro-hardness and wearing are measured on each wood typology. All
of these surface properties are considered relevant to the practical evaluation of wood’s
performance when it is exposed to outdoor conditions.

2. Materials and Methods
2.1. Sample Preparation and Coating Application

The Ayous planks were taken from timber grown in a natural forest, which was
certified by the FSC (Forest Stewardship Council) for forest management and chain of
custody, located in the Cameroonian Department of Boumba-et-Ngoko. The thermal
treatment was industrially performed on Ayous planks in an autoclave (Model TVS 6000
WDE Maspell srl, Terni, Italy) at a temperature of 215 °C for 3 h with a slight initial vacuum.

The samples were preserved in laboratory conditions at 65% relative humidity and
20 °C.

After cutting, specimens (10 x 5 x 1 cm) were stored in the laboratory in darkness.
The following specimens were prepared for the various tests (Figure 1): untreated with-
out coating (NTNC), thermally treated without coating (TTNC), untreated with coating
applied via brushing (NTBC), thermally treated with coating applied via brushing (TTBC),
untreated with coating applied via spraying (NTSC), and thermally treated with coating
applied via spraying (TTSC).

Thermally untreated Thermally treated
A

|

[

| | |

NTNC unaged NTBC unaged NTSC unaged TTNC unaged TTBC unaged TTSC unaged
NTNC aged NTBC aged

Uncoated

W il g

Brush coated Spray coated Uncoated Brush coated Spray coated

Figure 1. Photographs of specimen details for each typology: untreated without coating (NTNC);
untreated and coated via brushing (NTBC); untreated and coated via spraying (NTSC); thermally
treated without coating (TTNC); thermally treated and coated via brushing (TTBC); and thermally
treated and coated via spraying (TTSC).

The polyurethane coating (named GLOBALPUR MC 10/120), which was produced
by Globalchimica s.r.1 (Torino, Italy), was applied following the instructions detailed in
the technical data sheet, which recommends applying it without dilution via brushing
or spraying. The mass variations in samples after the coating application were as fol-
lows: 0.52 & 0.02 g for NTBC wood, 0.62 & 0.02 g for TTBC, 1.40 £ 0.02 g for NTSC, and
1.35 £ 0.02 g for TTSC.

According to the technical data sheet, the characteristics of the product, which were
measured at 20 °C and 60% RH, are shown in the Table 1.

For each specimen typology, three replicas were used.

Artificial ageing of the specimens was performed via a Model 1500E Solar Box (Erich-
sen Instruments) to simulate the exposure to solar radiation under the following conditions:
550 W/m? and 55 °C for 168 h.

The relative humidity inside of the Solar Box was monitored via a Testo H2-175 digital
datalogger that was constant and equal to 50%.

Colour, contact angle, roughness, micro-hardness and wearing were measured before
and after artificial ageing and the date were processed using Origin 2018 to compare the
different treatments in the same graph.
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Table 1. Main characteristics of the mono-component polyurethane coating, which were obtained
from the technical data sheet of the product.

Characteristics of the Coating Description

Macroscopic appearance of the coating film Transparent and brilliant

Dry residue 37+ 1%

Specific weight 0.940 + 0.03 kg/dm?

Binder Aliphatic polyisocyanate

Application modality Applied via spraying, brushing or rollering. It

is a ready-to-use product,

Dust out: 4-5 h; dry to thew touch: 12 h;
complete drying: 7 days.

Six months in its original sealed package. Store
Storage duration in a cool and dry place at a temperature
between +5 °C and +25 °C.

Drying

2.2. Coating Characterisation via Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy was used to characterize the commercial coating and verify its
composition. The hardened coating was mixed with potassium bromide (KBr spectropho-
tometric grade) in an agate mortar (10 mg of coating in 340 mg of KBr). The mixture was
pressed using one of the two sample holders of the FTIR spectrometer, which was a Nicolet
Avatar 360 instrument equipped with a diffuse reflectance accessory (DRIFT), and the other
pure KBr was pressed to be used as the background. The instrument operated in the MIR
region of the infrared from 400 em~1 t0 4000 cm ™1, having a resolution of 4 cm~ L. A total
of 128 scans were acquired for the background and the sample via the DRIFT modality.
In this way, the spectrum was reported as the reflectance percentage as a function of the

wavenumber expressed in cm 1.

2.3. Colour Measurements

The colour was monitored using an EOPTIS CLM 19x (EOPTIS SRL, Trento, Italy)
colorimeter under the following conditions, which were determined according to the
CIELAB colour system: an illuminant D65, a standard observer of 10°, a geometry of
measurement of 45°/0°, a measurement diameter of 6 mm, and a white reference supplied
with the instrument. The points of colour measurement were 30 for each specimen.

2.4. Contact Angle Measurements

The contact angle was measured to study the characteristics of wettability of the
uncoated and polyurethane-coated wood, of which both untreated and thermally modified
Ayous wood surface samples were used. According to the direct observation method, the
values were obtained by measuring the angle in the liquid phase, which was generated
via the tangent to water drop profile and the wood solid surface. The measurement was
performed by observing the drop using a FireWire camera with telecentric optics and a
55-millimeter focus length. The measurements were taken for 90 s because the contact angle
varies during the time following drop application. The software One Attension directly
elaborated the visual data by supplying the values of contact angles every 0.72 s.

2.5. Roughness

Roughness measurements were performed using a Taylor-Hobson TalySurf CLI 2000
(Taylor-Hobson, Leicester, UK) apparatus.
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The 3D morphology of the different samples was measured via a contact gauge surface.
In total, 101 profiles were stored for each sample, each with a resolution of 1 um along
the measurement direction and 2 um along the perpendicular direction, over an area of
15 x 2 mm?. TalyMap software Release 3.1 was used to perform data analysis and evaluate
the roughness parameters. This measure allowed the main roughness parameters to be
evaluated. In particular, average roughness Ra and ISO10 points height Rz were measures
of the amplitude parameters of the roughness profile. Spacing RSm was a measure of the
characteristic wavelength of the roughness profile. The hybrid parameters slope RAq, RSk
and RKu account for the average slope of the roughness profile and its distribution and
symmetry around the center line. Three-dimensional morphological maps were also stored,
using a resolution of 3 pm along both the measurement and perpendicular directions, over
an area of 4 x 4 mm?.

2.6. Micro-Hardness Test

Micro-hardness measurements were performed using a depth-sensing micro-indentation
(Micro-Combi, CSM Instruments, Peseaux, Switzerland). Standard micro-hardness tests
(micro-Vickers indenter) were performed on substrate by applying a load of 15 N to
evaluate the polyurethane coating’s influence on hardness. For each sample typology,
40 measurements were taken.

2.7. Wearing Test

Wearing tests were performed using a standard tribometer (Tribometer, C.5.M. Instru-
ments, Peseaux, Switzerland) that operated at 25 °C and relative humidity of 40%. The
ball tip was made of 100Cr6, and the track formed had a length of 6 mm and a speed of
8 cm/min. The applied force was 7 N and the wear length, i.e., the distance travelled by
the linear tribometer, was 100 m.

3. Results and Discussion
3.1. FTIR Spectrum of the Coating Product

The commercial products are often unknown from a composition point of view because
the technical data sheet does not include detailed information about the chemicals and
the additives. For this reason, we used FTIR spectroscopy to obtain information on the
composition of the commercial polyurethane coating. The Fourier infrared spectrum of
the product is shown in Figure 2. The main signatures that are typical of polyurethane are
directly indicated in the spectrum [33]. The presence of the characteristic free N=C=0 band
at 2271 cm~! is the result of the isocyanate group of unpolymerised material, which is still
present in the coating [34]. The C=0 stretching region shows the signature of free carbonyl
at 1768 cm~!, as well as that of the hydrogen-bonded group at 1687 cm~! [35]. Indeed,
the hydrogen bonding elongates the carbonyl bond length, leading to the reduction in the
stretching vibration frequency and, consequently, to a lower wavenumber than that of the
free C=0 [35]. The absence, in the FTIR spectrum, of the broad band at about 1000 cm !
(due to the C-O-C bond in ethers) suggests that the product is a polyester-based copolymer,
rather than a polyether-based polyurethane [33]. The changes in polyurethane composition
are made to improve the characteristics of the kind of polymers that generally suffered
from photodegradation if exposed to ultraviolet radiation [34-37].

Other signatures reported in the spectrum can be attributed to the stretching of the
C-O bond of urethane (around 1072 cm~1); the N-H bending of amide IV, V and VI in
the region at lower wavenumbers (666 and 581 cm~!); and the CH methyl bending (at
1366 cm™1) [33].
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Figure 2. FTIR spectrum in the diffuse reflectance modality of the polyurethane product.

3.2. Colour Data

The first investigated surface parameter was colour, the data related to which were syn-
thesised, as shown in Figure 3. The first observation concerned the effect of the polyurethane
coating on the sample colour. In the case of thermally untreated specimens, little changes
could be observed for L* and a* coordinates, whereas the b* coordinate underwent a more
pronounced variation (increase) that corresponded to the yellowing of the surface.
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Figure 3. Chromatic coordinates L*, a* and b* values, along with the standard deviation bars, and
calculations of AE* for the different samples and modalities of coating application, both before and
after ageing in Solar Box chamber. Untreated and uncoated wood (NTNC); untreated wood coated
via brushing (NTBC); untreated wood coated via spraying (NTSC); thermally treated and uncoated
wood (TTNC); thermally treated wood coated via brushing (TTBC); thermally treated wood coated
via spraying (TTSC).
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The case of heat-treated specimens is very different, as the application of the coating
instead caused a considerable variation in colour, especially in the case of application
via spraying.

Specifically, L* decreases, while b* and, in particular, a* coordinates increase. This
effect can be explained based on the colour inhomogeneity of the wood surface caused by
the heat treatment.

Ageing causes the following changes in the chromatic coordinates: a little decrease
in lightness (both in uncoated and coated samples), an appreciable increase in a* in the
case of uncoated samples and coating applied via brushing, a little decrease in the case
of the spray modality, and an increase in b* that is particularly evident in the case of
coating applied via brushing. By observing the values of the chromatic coordinates and the
total colour difference expressed by AE*, we can determine that, in the case of thermally
untreated samples, the variations are higher in the uncoated samples than in the coated
samples, and the spray application mode has the lowest colour variation. On the other hand,
thermally treated samples exhibit a very different situation that reflects the variability in
these samples [27]. The application of the polyurethane coating highly reduces the lightness
of the samples (from about 39 to 20-23) and increase the values of a* and b*, especially in
the case of spray application, as shown in Figure 3. This result is particularly evident in TT
wood samples, probably due to the absorption of the hydrophobic coating by the thermally
treated surfaces that became hydrophobic because of heat treatment. The ageing in Solar
Box causes different colour changes in samples depending on the type of application [38,39].
The most relevant variations occur in thermally treated samples with the polyurethane
coating applied via spraying having a great increase in L* (from 23.7 to 44.0), a decrease in
a* (from 14.9 to 9.2) and an increase in b* (from 25.7 to 33.2), thus producing a total colour
difference of 21.6 that may be associated with variations in both wood and coating. In the
cases of thermally treated samples without coating and with coating applied via brushing,
the values of AE* are 9.97 and 14.9, respectively, further demonstrating that the application
of the polyurethane protective agent via brushing does not produce a homogeneous layer
on the surface of the samples; instead, the colour variations are mainly due to the wood
material and only partially due to the coating.

In brief, colour data of coated and uncoated samples, whether untreated or heat
treated, showed that untreated Ayous wood is protected by the polyurethane coating,
especially when it is applied via spraying, with reduced variation being a consequence of
artificial ageing; in contrast, thermally treated wood experienced great colour changes due
to ageing, with a great increase in L*, a decrease in a* and a decrease in b*, with changes
being particularly notable in the case of samples treated via spraying. Thus, we can confirm
that in the case of heat-treated samples, this coating has no effect in terms of protecting the
wood surface colour. As colour is an important property, especially from an aesthetic point
of view, the practical implications of this result are relevant to the potential uses of Ayous
wood outdoors. It is clear that if, on one hand, the thermal treatment highly darkens the
wood surface, making it more pleasant for the market, then, on the other hand, the dark
brown colour produced via heat treatment is not stable under solar irradiation and rapidly
lightens, even in the presence of the coating.

3.3. Contact Angle Data

The contact angle is an important parameter that is directly correlated with the wet-
tability of surfaces and particularly relevant in case of materials that could be exposed to
outdoor conditions [40,41]. In Figure 4, the trends of this parameter are reported for all
sample typologies as a function of time.
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Figure 4. Contact angle trends for all samples: untreated wood that is uncoated (NTNC) and
either unaged or aged; untreated wood that is coated via brushing (NTBC) and either unaged or
aged; untreated wood that is coated via spraying (NTSC) and either unaged or aged; thermally
treated wood that is uncoated (TTNC) and either unaged or aged; thermally treated wood that is
coated via brushing (TTBC) and either unaged or aged; thermally treated wood that is coated via
spraying (TTSC).

The trends in Figure 4 show the effect of the coating on the wood surface: in each case,
the polyurethane coating increases the surface hydrophobicity, allowing us to maintain as
quite constant the contact angle in unaged samples (solid lines: green, red, yellow and blue
colours). These observations highlight the fact that the polyurethane coating acts well as a
hydrophobic agent on the wood surface.

Thermally treated wood, without coating (light grey solid line in Figure 4), has an
obviously higher contact angle than the untreated and uncoated sample (black line in
Figure 4) due to the hydrophobicity produced via the heat treatment [42-46]. The ageing
of samples in the Solar box chamber has, in each case, an influence on the contact angle
trend. The most relevant effect of ageing on the contact angle values can be observed
in the thermally treated samples without coating (dashed light grey line). Compared
to the unaged samples, the contact angle values are much lower and decrease to zero
in a short time, suggesting that a complete change in the nature of the wood surface
from hydrophobic (due to heat treatment) to hydrophilic (due to solar radiation) occurs.
This result again demonstrates the instability of heat-treated wood because short-period
ageing can completely change its wettability characteristics for both structural and chemical
reasons [47].

The formation of cracks on wood surface, which occurs due to heat treatment and solar
irradiation, facilitates water penetration into wood, and this process leads to an increase in
wettability. From a chemical point of view, the artificial ageing could cause an increase in
the hydroxylic group on the surface due to the formation of amorphous cellulose, increasing
the interactions between water and wood and, consequently, the wettability, as proposed
by Huang et al. [46]. On the contrary, the untreated uncoated wood experiences little
variation in surface contact angle, which exhibits an increase in this parameter that leads
to a decrease in wettability [46]. This result is consistent with those of other works found
in the literature [48-51], and it was demonstrated to be associated with a decrease in the
polarity of the wood surface due to an increase in carbon and a decrease in the oxygen
percentage, which points towards greater hydrophobicity [49,52,53].
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The change in the wettability of the coated samples mainly depends on the thermal
treatment, depending less considerably on application modality, though, in all cases, a
decrease in the contact angle can be observed because of artificial ageing. In the case
of untreated wood, the decrease is more evident than that of heat-treated wood. The
decrease in the contact angle in coated samples can be associated with the degradation
of the polyurethane coating as it loses its hydrophobic function. On the other hand,
in the case of heat-treated samples, the degradation of the coating is mitigated by the
hydrophobic characteristics in the wood surface that is maintained thanks to the presence
of the protective agent.

From the contact angle measurements, the main results that can be derived are related
to the thermally treated uncoated samples. In this case, the short-term ageing determined
via Solar Box completely changes the hydrophobic characteristics of the wood surface
affected by the heat treatment, leading to the formation of a hydrophilic material. Once
again, thermal treatment at 215 °C produces a material that originally has a good resistance
to water penetration, though after solar irradiation exposure, it losses this property, thus
becoming prone to water absorption. From a practical point of view, this result demon-
strates, on one hand, the need to change the temperature of thermal treatment and, om the
other hand, the need to protect the heat-treated wood exposed to outdoor conditions.

3.4. Roughness Data

The surface characteristics of the different samples were also evaluated by measuring
the roughness parameters that exhibit the values, as shown in Figure 5.

The values of the parameters Ra and Rz, in the case of the uncoated samples, show
a clear increase following thermal treatment compared to the untreated wood, indicating
that the heat caused the increase in the average roughness and maximum profile height, as
previously observed for other wood species and explained based on the degradation of
wood components [25,54-56]. The application of the coating, in all cases, causes a decrease
in roughness that is more evident if the product is applied via spraying (see values of Ra
and Rz in Figure 5). This result suggests that application via spraying allows us to obtain
a more homogeneous surface layer than that obtained via brushing because, in this case,
the polyurethane solution is not uniformly distributed on the entire surface. Moreover, the
coating layer is probably thicker in the case of spray application due to the higher mass
variation (1.40 g for NTSC and 1.35 g for TTSC) compared to application via brushing
(0.52 g for NTBC and 0.62 g for TTBC).

To better support this assessment, roughness maps were obtained by comparing the
effects of the two different application modalities (Figure 6). Using the maps shown in
Figure 6, it is possible to observe a clear increase in roughness because of thermal treatment.
The heat-treated surface, in fact, exhibits deep and evident cracks compared to the untreated
sample. The application of the coating causes a decrease in roughness in both untreated
and heat-treated surfaces, though this trend is much more evident in the case of application
via spraying.

The ageing measured in the Solar Box chamber always produces an increase in rough-
ness that is more evident in uncoated samples (Figure 5), whether untreated or heat treated,
as reported in the literature [57,58]. This increase in roughness has been attributed to the
erosion of the wood surface caused by weathering [59-62]. The increased roughness can be
related to the degradation of the wood polymers, especially lignin, which mainly occurred
in the early wood due to thin-walled cells and lower density [63]. The coating, particularly
when applied via spraying, reduces the roughness variation by protecting wood surfaces
against weathering in the Solar Box chamber.
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Figure 6. Roughness maps obtained for untreated (NT) and thermally treated (TT) samples uncoated
(NC) and coated with the polyurethane product via brushing (BC) and spraying (SC).
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3.5. Micro-Hardness Data

The average Vickers micro-hardness data are reported in Figure 7, along with the
relative standard deviation. The evidence shows that the application modality of the
coating affects the values of micro-hardness. In fact, in the case of application via spraying,
a great increase in hardness is observed for both untreated and heat-treated samples. On
the other hand, application via brushing does not change the hardness of untreated samples
and causes only little increases in that of thermally treated wood. In all cases, artificial
ageing causes only a little decrease in hardness. This result again demonstrates the superior
performance of application via spraying because it probably allows us to obtain a thicker
and more homogenous layer of coating product distributed on the sample surface, which
was derived from both the roughness data and the mass variation measurements.

The most relevant result obtained from the micro-hardness measurements has an
important implication for the modality for coating application. In fact, the spray modality
give raise to a notably increase in hardness and, even if no thickness measurements were
obtained, this result suggests that the polyurethane coating is better distributed on the
surface and its layer is thicker due to the greater quantity of product used.
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Figure 7. Micro-hardness average values for untreated (NT) and thermally treated (TT) samples,
which were uncoated (NC) and coated with the polyurethane product via either brushing (BC) or
spraying (SC), before and after 168 h of artificial ageing in Solar Box.

3.6. Wearing Test Data

One of the most relevant parameters used to evaluate the effectiveness of a coating
layer, from a practical point of view, is the wearing resistance, which has been measured
under three conditions of applied force (Figure 8).

The highest wear volumes are observed for TTNC and TTNC aged samples at the
sites of the three applied forces, further demonstrating that the heat-treated wood suffered
degradation of its components, meaning that the surface became much rougher and more
susceptible to wearing [64].

High values of wear volume can also be observed in the aged NTNC samples, indi-
cating that the unprotected untreated wood undergoes degradation during the simulated
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solar irradiation, which is mainly related to lignin modification, as reported in the litera-
ture [1,65].

The application of the coating completely changes the responses of the surfaces to the
wearing test. In fact, in all cases, the wear volume notably decreases, especially for the
samples coated via spraying. This result demonstrates that the polyurethane coating has a
great protective ability against wearing in both untreated and thermally treated samples,
especially if applied via spraying.
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Figure 8. Wear volume average values for untreated (NT) and thermally treated (TT) samples, which
were uncoated (NC) and coated with the polyurethane product via either brushing (BC) or spraying
(SC), before and after 168 h of artificial ageing in Solar Box.

The practical implications of the wearing test results are that the polyurethane coating
has, in general, a great protective effect on Ayous wood surface in regard to abrasion, and
this effect is maintained after artificial weathering. If combined with the micro-hardness
data, this result shows that the coating has a good performance in terms of improving the
mechanical resistance of the wood surface, especially if applied via spraying.

4. Conclusions

The results of testing a new mono-component polyurethane applied to Ayous wood in
both its natural form and after being industrially heat-treated at 215 °C were shown. The
coating performance was evaluated by applying the product via brushing and spraying,
which allowed us to study the effect of the application modality. Colour, contact angle,
roughness, micro-hardness and wearing were measured on the different samples before
and after short-term artificial ageing was carried out under simulated solar irradiation.
Untreated and thermally treated samples were used, and they were uncoated and coated
with the polyurethane product, which was applied via brushing and spraying.

The obtained results showed that the industrial thermal treatment applied at this
temperature drastically changed the surface and mechanical characteristics of wood to
the extent that the materials became fragile and were not resistant to outdoor exposure.
In the future, it will be useful to test the treatment at a temperature lower than 215 °C to
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determine if it could maintain the mechanical characteristics of the wood, as shown in a
previous paper.

The polyurethane coating demonstrated effectiveness in protecting the wood surface
(increase in wearing resistance) and maintaining its hydrophobic characteristic, as well as
having little effect on the colour, in the case of untreated wood. The spray-based application
was superior because it allowed for the production of a more homogeneous protective
layer, and it was probably thicker due to the higher mass variation, which meaningfully
reduced the roughness on the wood surface and increased the micro-hardness and the
wear resistance.

This work supplied valid information about the short-term ageing of a commercial
polyurethane mono-component coating, giving a practical indication of the maintenance
planning required for the surface treated with this product.

Regarding the future perspectives of the research into Ayous wood protective agents,
it will be useful to investigate the use of lower temperatures for thermal treatment and
other possible coating products, given the differences between untreated and heat-treated
wood. Indeed, given the different characteristics induced via thermal treatment, which
mainly concerned hydrophobicity, the untreated wood will probably require a different
kind of coating that is able to protect the surfaces from weathering for as long as possible.
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