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Abstract

Aim of the study: This study examines the overall color change values from applying water-based,
polyurethane, and acrylic varnishes on newly prepared and naturally aged wood materials.

Materials and methods: The Turkish woodworking industry commonly selects oak (Quercus petrea
L.), chestnut (Castanea sativa M.), and scotch pine (Pinus sylvestris L.) as the preferred wood type for
preparing test samples. A total of 360 test samples are prepared for the experiments. The color difference
(AE*) between two colors is measured using a Minolta CR-231 color measurement device, following the
principles outlined in ASTM-D 2244,

Main results: On the C.1.E. Lab* color plane, a higher AE* indicates a more significant difference
between the compared colors. Among the wood type, oak exhibited the highest color change (AE*), while
chestnut displayed the lowest. Fresh wood materials showed higher color change values (AE*) than
naturally aged wood materials. The radial section direction also is showed higher color change values
(AE*) than the tangential section direction.

Research highlights: Regarding varnish type, acrylic varnish indicated a minor color change, followed
by polyurethane and water-based varnishes, respectively. Acrylic varnish is recommended for studies
with minimal color change and for preserving the wood material's natural color.
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Farkli Verniklerle islem Gérmiis Ahsap Malzemelerin Renk

Degisim Analizi: Kargilagtirmali Bir Caligma

Oz

Calismanin amacr: Yeni ve dogal olarak yaglanmig ahsap malzemelere su bazli, poliiiretan ve akrilik
verniklerin uygulanmasi sonucunda ortaya ¢ikan toplam renk degisim degerlerini incelemektir.

Materyal ve yontem: Tiirk Agagisleri Endistrisinde yaygin olarak kullanilan mese (Quercus petrea L.)
ve kestane (Castanea sativa M.) agaclari ile Sarigam (Pinus sylvestris L.) test 6rnekleri olarak seg¢ilmistir.
Deneyler i¢in toplamda 360 test numunesi hazirlanmistir. Renk farki (AE*) iki renk arasinda, ASTM-D
2244 standartlarina uygun olarak Minolta CR-231 renk 6l¢lim cihaziyla dl¢iilmistiir. Yeni Ahsap: Yeni
kesilmis, islenmemis ve genellikle yiiksek nem igeren ahsap malzemeleri tanimlamaktadir.

Temel sonuglar: CIE Lab* renk diizleminde, daha yiiksek AE* degeri karsilastirilan renkler arasindaki
farki gostermektedir. Ahsap tiirleri arasinda, mese en yiiksek renk degisimini (AE*) gosterirken, kestane en
diisiik renk degisimini gostermistir. Yeni ahsap malzemeler dogal olarak yaslanmis ahsap malzemelere gore
daha yiiksek renk degisim degerleri (AE*) sergilemistir. Radyal kesit yonii ayrica teget kesit yoniine gore
daha ytiksek renk degisim degerleri (AE*) gostermektedir.

Aragtirma vurgular: Vernik tiirleri agisindan, akrilik vernik en az renk degisimini gdstermistir ve onu
poliliretan ve su bazli vernikler izlemistir. Akrilik vernik, renk degisiminin minimum diizeyde oldugu
calismalarda kullanilmasi onerilir ve ahgap malzemenin dogal rengini korumak istenen ¢alismalarda da
uygun bir segenektir.

Anahtar Kelimeler: Ustyiizey Islemleri, Agag Malzeme, Renk degisimi, Vernik, Dogal Yaslanmis
Ahsap.
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Introduction

Wood is an organic and natural substance
renowned for its  attractive  visual
characteristics and environmentally friendly
attributes  (Aydemir & Giindiiz, 2009).
However, wood components, such as lignin
and cellulose, are susceptible to damage from
ultraviolet (U.V.) radiation and other
environmental factors (Pelit & Korkmaz,
2019). Exposure to U.V. rays, rain, snow,
moisture, mechanical forces, and
microorganisms can degrade the appearance
and properties of wood, leading to
discoloration and surface deterioration
(Rowell, 2005; Evans et al., 1996).

Various surface treatments are applied to
protect the wood from these detrimental
effects. One of the most commonly used
approaches involves the application of
protective coatings such as impregnating
agents, varnishes, and paints (Vardanyan et
al., 2015). These treatments create a
protective layer that extends the lifespan and
enhances wooden surfaces' visual, economic,
and functional aspects (Bulian & Graystone,
2009).

In studies comparing different varnish
types applied to wood type like chestnut, oak,
scoth pine, and beech, the synthetic varnish is
found to have the most significant effect on
color change, bringing the surfaces closer to
scoth and red tones (S6nmez, 1997). Synthetic
varnish decreased luminosity (L*) compared
to untreated samples. Conversely, water-
based varnish exhibited the lowest total color
change (AE*) among the varnishes (Aykag¢ &
Sofuoglu, 2020).

Regarding the transparent varnishing of
wood, synthetic varnish produced the lightest
color in beech, scoth pine, and ash, while
acrylic varnish achieved the lightest shade in
oak. Acid-catalyzed varnish led to the darkest
color in beech, pine, and ash, whereas
polyurethane varnish resulted in the darkest
color in oak (Uysal et al., 1999).

An independent research investigation is
carried out to assess how outdoor weather
conditions affect wood color. The study
involved the application of various types of
varnishes, including cellulosic, synthetic,
polyurethane, and acid-catalyzed varnishes,
on wood type such as scoth pine, eastern
beech, and chestnut. The results revealed that
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polyurethane varnish enhanced the scoth pine
and red color tones, synthetic varnish reduced
the yellow tone, and acid-catalyzed varnish
intensified the red tone (Sénmez, 1997).

It is advised not to use polyurethane
varnish on wood surfaces after decolorization
to minimize the formation of a red tint.
Alternatively, applying transparent colorless
filler varnish can reduce the appearance of the
red pigment (Ozcifci & Atar, 2002).

The primary factors causing changes in
wood color, hardness, gloss, and mechanical
properties in outdoor conditions are sunlight,
temperature variations, U.V. radiation, and
humidity (Kurtoglu, 2000). The
environmental factors mentioned contribute to
the swift alteration of wood color and a
decline in its physical and mechanical
characteristics  caused by  chemical
transformations in the microstructure (Feist,
1990; Fengel, 1991; Anderson et al., 1991;
Budake¢1, 2006; Kilic & Hafizoglu, 2009;
Sonmez & Sogitli, 2009; Sogiitlii et al.,
2016).

Among these environmental factors, U.V.
rays have been identified as the main cause of
wood deterioration (Futo, 1974; Ayadi et al.,
2003). Different wavelengths within the
visible spectrum of sunlight (400-700 nm)
determine the colors perceived (Nelson,
1995).

Natural ageing of wood refers to the
irreversible changes in its physical and
mechanical properties over time. These
changes encompass physical, chemical, and
biological degradation (Kilic & Sogiitld,
2020; Kilig & Sogiitli, 2023). Despite the
abundance of studies investigating the
physical and mechanical properties of
naturally aged wood, there remains a dearth of
research explicitly addressing color change
measurements in naturally aged wood
materials.

Hence, the primary objective of this study
is to assess the color change values resulting
from applying polyurethane, acrylic, and
water-based varnishes on newly obtained and
naturally aged wood materials. The study will
utilize statistical analysis methods to evaluate
and compare the color change measurements
of varnishes on scotch pine, oak, and chestnut
samples derived from naturally aged and new
wood sources.
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Materials and Methods
Material

The Turkish  woodworking industry
commonly selects oak (Quercus Petrea L.),
chestnut (Castanea sativa M.), and scotch
pine (Pinus sylvestris L.) as the preferred
wood type for preparing test samples.

Naturally aged wood: It recognizes wood
materials that change their color and
properties over time by being exposed to
environmental influences over a certain
period of time. Fresh wood: Describes wood
materials that have been freshly cut, untreated
and often contain high moisture.

The naturally aged wood samples were
sourced from three different provinces in
Turkey. Specifically, chestnut wood is
acquired from the Karamiirsel district in the
Kocaeli province, oak wood from the Sorgun
district in the Yozgat province, and Scotch
pine from the Ankara province.

To ensure the freshness of the wood
materials, they are procured directly from
lumber suppliers situated in the Ankara
Furniture Sites. The specimens underwent
preparation by sawing in both intangential and
radial directions to meet the required
specifications for further analysis.

Fresh wood materials are obtained from
timber dealers located in Ankara (Furniture
Makers Workplace Siteler). On the other
hand, naturally aged wood materials are
acquired from businesses known as
"demolishers.” These businesses specialize in
buying and selling leftover materials from
buildings demolished after approximately 100
years of use.

To conduct the research, we utilize Akzo
Nobel's polyurethane varnish, acrylic varnish,
and WoodSol's Gemine Gel-450 series water-
based varnish with a silk matte finish for
varnishing the test samples

Method
Preparation of test samples

The research involved preparing a total of
360 specimens, comprising ten samples for
each unigue combination of factors. These
factors included wood type (3), cross-
sectional direction (2), age period (2), and
varnish type (3). The aim is to ensure an
adequate representation of the different
variables in the study and gather
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comprehensive data for analysis. The
specimens are carefully selected to ensure
uniformity in fibre distribution, absence of
knots, cracks, rot, reaction wood, fungal and
insect damage, and color and density
differences.

Moisture content is determined according
to the TS ISO 13061-1 standard, while density
measurements follow the TS ISO 1306-2
standard. The varnishing process adhered to
the principles outlined in the ASTM-D 3023
standard. Filling varnish and topcoat varnish
application is carried out with the normal
cross-coat method (perpendicular to the fibers
and parallel to the fibers) at a height of 20 cm
from the sample surface. The first application
is made perpendicular to the fibers with a top
tank spray gun with 1-2 bar (14-28 atu) air
pressure and 1.4 mm gun tip opening. Then
the second application is carried out parallel
to the fibers. After both applications, each
layer is left to dry for 24 hours. The dried
samples are lightly sanded with 400 grit
sandpaper to make them suitable for the next
coat. This process is repeated for two coats of
filler varnish and two coats of topcoat varnish.
After each varnish application, the samples
are placed in a dust-free environment for 24
hours for proper drying.

The samples underwent a careful
preparation process to obtain the best possible
outcomes. A specific procedure is followed to
ensure a smooth and properly prepared
surface for the subsequent layers of varnish.
This procedure involves lightly sanding the
surface with 400 grit sandpaper and remove
any dust particles between the application of
filler varnish and topcoat varnish layers. This
step aims to ensure a smooth and properly
prepared surface for the subsequent layers of
varnish. The procedure is conducted in
duplicate, applying two coats of filler varnish
and two coats of topcoat varnish. The
determination of the solid content of the
varnishes adhered to the guidelines specified
in the TS EN ISO 3251 standard, and this
rigorous methodology is implemented to
ensure precise measurements and dependable
outcomes.

Throughout the experimental procedures,
the dry film thickness of the varnish layer,
once completely dried on the surface of the
samples, is measured. This measurement is
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carried out using a compass with a precision
of 5 um, following the guidelines specified in
the ASTM D-1005-95 standard.

This measurement ensures an accurate and
consistent assessment of the varnish layer
thickness across all samples. By adhering to
standardized = measurement  techniques,
reliable data is obtained for further analysis
and comparison.

Color measurement

Color measurements follow the guidelines
outlined in ASTM D 2244-2 el, utilizing the
MINOLTA CR-231 color measurement
device. Figure 1 illustrates the cross-sectional
view of the device employed for the color
measurements  (Minolta CR-231, 1990;
Sogiitlii, 2004).

Figure 1. Chroma meter.

The color analysis conducted in this study
is based on the C.L.LE. Lab* color system,
which is widely used to assess color
differences and determine color positions
using the L*, a*, and b* coordinates. In this
system, the L* axis represents the black-white
spectrum, with L*=0 representing black and
L*=100 representing white. The a* coordinate
corresponds to the red-green spectrum, where
positive values indicate red and negative
values indicate green. Similarly, the b*
coordinate  represents the yellow-blue
spectrum, with positive values indicating
yellow and negative values indicating blue
(Oliver et al., 1992). A visual representation
of the three-dimensional C.I.E. Lab* color
space is provided in Figure 2.
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Figure 2 visually illustrates the three-
dimensional C.L.E. Lab* color coordinates
and the color measurement system used to
analyze color changes. The individual values
of a* (red color), b* (yellow color), and L*
(color brightness) are examined for this
analysis. The overall color change (AE*) is
calculated using equation (1), and a lower AE*
value indicates minimal color change
(Sogiitlii and Sénmez, 2006).

The main objective of this study is to
analyze color changes by evaluating the
values of red color (a*), yellow color (b*), and
color  brightness (L*) independently.
Additionally, the overall color change (AE*)
is calculated to assess color differences
comprehensively.

AE* = (ALY + (A0 + (a5’ (1)
L*=100
white (light)
green yellow

L*=0
black (dark)
Figure 2. illustrates the three-dimensional
C.IL.E. Lab* color coordinate system and the
corresponding color measurement system
(Johansson, 2005).

Data analyses

The color change values obtained from the
experiment are subjected to statistical analysis
using the MSTAT-C package program with a
confidence level of 0.95. Multiple analysis of
variance (MANOVA) is conducted to assess
the differences in color change values among
the 360 experimental samples. The main
objective is to examine the impact of
polyurethane, acrylic, and water-based
varnishes on the color changes of both
naturally aged and fresh wood materials.

If significant differences are observed
between the groups, the Duncan test is
employed to compare the mean values and
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determine the rankings of the factors. The
factors are categorized into homogeneous
groups based on the critical value of the least
significant difference (L.S.D.). This approach
allowed for the identification of the effects of
different varnishes on the color change of
wood materials and provided insights into the
relative effectiveness of each factor.

In this study, Python software language is

Table 1. The varnishes properties

used to visualize the data. The JupyterLab
environment is utilized, and the Matplotlib
library arguments are employed.

Results and Discussion

Solid Content and Dry Film Thickness
Table 1 gives the technical properties of

the varnishes used in the experiments.

Varnish Solids Ratio Solids Ratio (%) Density Dry Film Viscosity
Tvpe pH (%) The top coat of (gr/ml) Thickness  (Sec. DIN
yp Filling varnish varnish (20°C) (um) cup/4mm)
Acrylic 4.00 25 35 0.90-0.94 120 18 sec.
Polyurethane 5.71 40 40 0.93-0.97 130 18 sec.
Water-based  7.80 35 35 1.02-1.04 120 18 sec.

This table provides insights into the
characteristics and performance parameters of
different varnish types. The "Filling Varnish"
exhibits a moderately acidic pH and a 25%
solids ratio for surface coverage. In contrast,
"The Top Coat of Varnish" is characterized by
a neutral pH of 4.00, a higher solids ratio of
35%, and a density ranging from 0.90 to 0.94
at 20°C. The dry film thickness is 120 um, and
the viscosity is 18 seconds according to the
DIN cup/4mm. "Acrylic" varnish, with a
neutral pH of 4.00, showcases a 25% solids
ratio, a density between 0.90 and 0.94, a dry
film thickness of 120 um, and a viscosity of
18 seconds. "Polyurethane™ varnish, with a
slightly basic pH of 5.71, demonstrates a high
solids ratio of 40%, a density between 0.93
and 0.97, a dry film thickness of 130 um, and
a viscosity of 18 seconds. "Water-based"
varnish, featuring an alkaline pH of 7.80,
presents a 35% solids ratio, a density between
1.02 and 1.04, a dry film thickness of 120 pm,
and a viscosity of 18 seconds. These
observations offer insights into the chemical
properties and application performance of
each varnish type, guiding considerations for
specific use cases.

Density Values

Table 2 presents the air-dry and full-dry
density values of wood materials. The
procedure involved performing duplicate
experiments, including applying two coats of
filler varnish and two coats of topcoat varnish.
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Table 2. Air dry and full dry density values
(g/cm?®)
Wood material/ Fresh wood Natural aged wood

Age period Air dry Full dry Air dry Full dry
Scotch pine 055 051 048 0.73
Quercus 077 073 070 0.66
Chestnut 0.62 058 058 0.54

According to the Table 2 the color change
values of different wood materials in fresh and
naturally aged conditions are examined. New
wood materials generally have higher color
change values, while naturally aged wood
materials have lower color change values. In
addition, the complete drying of the wood also
affects the color change values, which are
slightly lower in thoroughly dried wood
materials.

Total Color Change

Table 3 presents the pre- and post-
experiment measurements of red hue (a),
yellow hue (b), and color brightness (L), as
well as the corresponding differences.
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Table 3. Pre-experimental and post-experimental measurements.

. N Varnish Type
V‘I\'/;Ss I;(:(e:ftslt?gn L—Z)f—;; Water-based_ Polyurethanq Acrylic '

PV AV Difference PV AV  Difference PV AV Difference

a* -71710 -76.990 5.280 -65.990 -61.450 -4.540 -66.590 -71.330 4.740

Fresh Radial b* 23.210 -8.610 31.820 21.1400 31.200 -10.060 20.920 -1.1100 22.030
Scoth L* 84.630 104.900 -20.260 80.13 73.990 6.140 81.170 97.920 -16.750
Pine a* -69.500 -77.520 8.020 -71.400 -69.830 -1.570 -71.960 -71.410 -0.550
Tangent b* 22600 -4.360 26.960 23.120 33.650 -10.530 22.540 29.100 -6.560

L* 82.640 102.930 -20.290 84.340 79.890 4450 84.870 82.310 2.560

a* -56.470 -73.810 17.340 -69.240 -66.920 -2.320 -69.810 -66.710 -3.100

Natural Radial b* 17.630 -2.670 20.300 22.170 34.020 -11.840 23.030 30.780 -7.750
Aged L* 82.640 102.930 -20.290 82.800 77.610 5190 83.150 78.230 4.920
Scoth a* -69.410 -47.650 5240 -66.210 -60.990 -5.220 -78.000 -52.720 -25.280
Pine Tangent b* 22510 -4.410 26.930 25.840 38.460 -12.620 2700 34580 -31.890
L* 82880 99.730 -16.850 78.840 72.020 6.720 97.850 64.260 33.590

a* -62.060 -63.250 1.190 -76.310 -54.740 -21.560 -61.820 -53.500 -8.320

Radial b* 17.780 -9.550 27.330 -7.870 27.770 -35.640 17.520 26.080 -8.570

Fresh L* 73420 87.400 -13.980 98.770 63.290 35480 73420 63.300 10.110
Chestnut a* -62.240 -62.440 0.200 -60.590 -52.190 -8.410 -61.130 -53.110 -8.030
Tangent b* 18330 -8.570 26.900 17.700 28.060 -10.360 17.380 27.580 -10.200

L* 73460 86.000 -12.530 71.750 60.880 10.870 72.280 61.340 10.940
a* -62.000 -64.780 2780 -51.920 -39.990 -11.930 -56.820 -45.730 -11.090
Natural Radial b* 19.850 -4.930 24.780 21.450 30.450 -9.000 22450 33.750 -11.310
Aged L* 73460 87.010 -13.540 60.700 46.810 13.890 65.740 53.030 12.710
Chestnut a* -62.130 -64.910 2780 -62.330 -53.990 -8.650 -55.740 -43.920 -11.820
Tangent b* 19.620 -4.430 24.050 19.290 30.340 -10.610 22.160 33.020 -10.850

L* 73.090 86.100 -13.010 73.650 64.180 10.130 64.240 50.890 13.350

a* -67.180 -56.520 -10.660 -70.350 -45.850 -24.500 -56.580 -57.200 0.620

Radial b* 23.880 -2.030 25.900 -4.080 30.620 -34.700 18.720 13.500 5.220

Fresh L* 80560 73550 7.210 88,520 53.180 35.340 65.830 67.040 -1.210
Quercus a* -59.470 -61.180 1.710 -71.910 -48.620 -23.290 -58.3000 -61.820 3.530
Tangent b* 18.100 -6.390 24.480 -3.250 30.870 -34.120 18.890 11.700  7.190

L* 69.740 82.610 -12.870 90.140 55.140 34.600 68.330 74.340 -6.010
a* -74.440 -61.700 -12.740 -57.320 -45.190 -12.130 -56.820 -45.730 -11.090
Natural Radial b* 1.790 2.400 -0.620 22.380 34.190 -11.810 22450 33.750 -11.310
Aged L* 90470 78.100 12370 66.020 52.070 13.960 65.740 53.030 12.710
Quercus a* -57.330 -60.640 3.310 -56.310 -44.450 -11.860 -55.740 -43.920 -11.820
Tangent b* 22100 3.870 18.240 21.670 32.770 -11.100 22.160 33.020 -10.850

L* 66.040 76.350 -10.310 64.620 51.060 13.560 64.240 50.890 13.350

PV: Pre-Varnish; AV: After Varnish,; Note: Minus (-) values represent an increase.

The following table provides a brief
analysis of the table you provided, which
includes wood types, section directions, color
values, and varnish types (water-based,
polyurethane, acrylic) along with their
respective effects. It is important to note that
"PV" refers to Pre-Varnish values, while
"AV" represents After Varnish values.
Negative (-) values indicate an increase.

This table presents the analysis of different
wood types in terms of their color values and
the effects of varnish types, including water-
based, polyurethane, and acrylic, in both the
Pre-Experiment (PE) and After Experiment
(AE) stages. The table includes the following
observations:
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Fresh Scotch Pine:

Radial: The red-green hue (a*) and blue-
yellow hue (b*) values increased, indicating
more intense colors. The brightness (L*)
value decreased, suggesting a darker
appearance.

Tangent: In the tangent direction, the red-
green hue (a*) value slightly decreased, the
blue-yellow hue (b*) value increased, and the
brightness (L*) value remained mostly
unchanged.

Natural Aged Scotch Pine:

Radial: Both the red-green hue (a*) and
blue-yellow hue (b*) wvalues increased,
indicating more intense colors. The brightness
(L*) value decreased, suggesting a darker
appearance.
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Tangent: In the tangent direction, the red- directions, the red-green hue (a*) and blue-
green hue (a*) value significantly decreased, yellow hue (b*) values remained almost
the blue-yellow hue (b*) value increased, and unchanged, while the brightness (L*) value
the brightness (L*) value slightly increased. decreased.

Fresh Quercus: Natural Aged Chestnut:

Radial: The red-green hue (a*) value Radial: The red-green hue (a*) and blue-
decreased, indicating a shift away from red- yellow hue (b*) values remained almost
green hues. The blue-yellow hue (b*) value unchanged, indicating minimal color shifts.
increased, suggesting more intense yellow- The brightness (L*) wvalue increased,
blue hues. The brightness (L*) value slightly suggesting a brighter appearance.
decreased, suggesting a slightly darker Tangent: In both the radial and tangent
appearance. directions, the red-green hue (a*) and blue-

Tangent: In the tangent direction, the red- yellow hue (b*) values remained almost
green hue (a*) value slightly decreased, the unchanged, while the brightness (L*) value
blue-yellow hue (b*) value increased, and the increased.
brightness (L*) value remained mostly These observations describe the changes in
unchanged. color values (a*, b*) and brightness (L*) for

Natural Aged Quercus: each wood type and the effects of varnish

Radial: Both the red-green hue (a*) and types. The table also demonstrates the varying
blue-yellow hue (b*) values decreased, effects of different varnish types. By
indicating a shift away from intense colors. comparing the PE and AE values, it is possible
The brightness (L*) value increased, to observe how each varnish type influenced
suggesting a brighter appearance. the wood colors. For example, the use of

Tangent: In both the radial and tangent water-based varnish generally led to a
directions, both the red-green hue (a*) and decrease in a* values, an increase in b* values,
blue-yellow hue (b*) values decreased, while and a decrease in L* values. On the other

the brightness (L*) value increased. hand, polyurethane varnish tended to increase
Fresh Chestnut: both a* and b* values and decrease L* values.
Radial: The red-green hue (a*) and blue- Acrylic varnish resulted in a decrease in a*
yellow hue (b*) values remained almost values, an increase in b* values, and slight
unchanged, indicating minimal color shifts. changes in L* values. Values for total color
The brightness (L*) value decreased, change value differences are given in Table 4.

suggesting a darker appearance.
Tangent: In both the radial and tangent

Table 4. Values for total color change value differences.

Wood  Tvoe/ Water-based Polyurethane Acrylic
YP Radial Tangent Radial Tangent Radial Tangent

Age Period - — = - = —
N X N X N X N X N X N

F. Scoth pine 38.10 093 3469 1.03 12.64 0.38 1160 041 2809 124 7.14 0.83
NA. Scoth pine 41.06 1.99 3220 0.86 13.15 044 1525 131 9.75 0.35 5278 1.23
F. Quercus 2895 0.76 27.72 090 5526 1.06 5390 123 6.06 179 10.04 1.33
NA. Quercus 17.78 0.80 21.22 044 2196 117 2118 0.67 2033 129 20.88 0.82
F. Chestnut 30.73 093 29.70 116 54.72 107 1723 054 1566 058 16.98 0.5
NA. Chestnut  28.38 1.25 2750 2.07 2041 0.33 16.80 0.55 15.84 0.84 1481 0.74

X Arithmetic mean; s: Standard deviation; F: Fresh; NA: Natural aged

Table 4 presents a comprehensive conditions. Additionally, Figure 1 showcases
overview of the total color change values, the outcomes of the conducted Analysis of
taking into account various factors such as Variance, which aims to identify the primary
wood type, cutting direction, varnish type, factor contributing to these observed
and age period. The objective is to examine variations. The table furnishes detailed data
the variations in these values across different on the color change values, measured in units,
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for distinct wood types and age periods when
subjected to water-based, polyurethane, and
acrylic varnishes. The findings aim to provide
a comprehensive understanding of the impact
of these factors on the overall color change.
The measurements are recorded for the wood
samples' radial and tangential directions. For
example, in the case of fresh Scotch pine
wood, applying water-based varnish resulted
in a color change value of 38.10 units (radial)
and 0.93 units (tangential). The polyurethane
varnish caused a color change of 34.69 units
(radial) and 1.03 units (tangential), while the
acrylic varnish resulted in a color change of
12.64 units (radial) and 0.38 units
(tangential).
For naturally aged Scotch pine wood, the

color change values are slightly different. The
water-based varnish led to a color change of

(tangential), while the polyurethane varnish
caused a color change of 32.20 units (radial)
and 0.86 units (tangential). The acrylic
varnish resulted in a color change of 13.15
units (radial) and 0.44 units (tangential).
Similar measurements are taken for fresh
and naturally aged oak and chestnut wood.
The color change values exhibited variations
based on factors such as wood type, age
period, and the type of varnish applied. It's
worth noting that these values represent the
arithmetic means, indicating the average
color change for each combination of factors.
The standard deviations, which measure the
variation within each group, are not shown in
the table. Analysis of Variance (ANOVA)
results of total color change values are given
in Figure 1. Total color change Analysis of
Variance (ANOVA) is given in Table 5.

41.06 units (radial) and 1.99 units
Table 5 Total color change Analysis of Variance (ANOVA).
Factors ]E)egrees of Sum of Squares Mean Squares F Value P <0.05
reedom

Wood Type (A) 2 5217.528 2608.764 3112.0498  0.0000*
Age Period (B) 1 33.181 33.181 39.5824 0.0000*
Interaction (AB) 2 654.978 327.489 390.6684  0.0000*
Sectional Direction (C) 1 28.829 28.829 34.3903 0.0000*
Interaction (AC) 2 2069.217 1034.608 1234.2061  0.0000*
Interaction (BC) 1 507.262 507.262 605.1236 0.0000*
Interaction (ABC) 2 715.995 357.998 427.0628 0.0000*
Varnish Type (D) 2 10951.247 5475.624 6531.9867  0.0000*
Interaction (AD) 4 2932.177 733.044 874.4638 0.0000*
Interaction (BD) 2 3574.698 1787.349 2132.1665  0.0000*
Interaction (ABD) 4 1765.598 441.400 526.5549 0.0000*
Interaction (CD) 2 1093.506 546.753 652.2330 0.0000*
Interaction (ACD) 4 1652.981 413.245 492.9689 0.0000*
Interaction (BCD) 2 20.808 10.404 12.4111 0.0000*
Interaction (ABCD) 4 379.203 94.801 113.0899 0.0000*
Error 324 271.602 0.838

Total 359 31868.810

*: The difference is significant compared to 0.05

This table presents the results of an
analysis conducted on an experiment. The
factors analyzed include Wood Type (A), Age
Period (B), Sectional Direction (C), and
Varnish Type (D), along with various
interactions between these factors. The table
includes degrees of freedom, sum of squares,
mean squares, F values, and p-values.
Significantly high F values and low p-values
suggest meaningful effects of the factors or
interactions on the outcomes. For instance,
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Wood Type, Age Period, Sectional Direction,
and Varnish Type all exhibit statistically
significant effects on the results, as indicated
by their respective F values and p-values.
Additionally, the interactions between these
factors also show significant impacts. Overall,
the statistical analyses confirm the
significance of the considered factors and
interactions, providing valuable insights into
the experiment's findings.
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Figure 1. Total color change values Analysis
of variance (ANOVA) results.

This table presents color value data for
different wood types (Fresh Scotch Pine,
Natural Aged Scotch Pine, Fresh Quercus,
Natural Aged Quercus, Fresh Chestnut,
Natural Aged Chestnut) in two section
directions (Radial, Tangent) and under three
different  varnish types (Water-based,
Polyurethane, Acrylic). The color values are
represented by three parameters: a*, b*, and
L*.

The table provides the color value
differences between the pre-experiment
(P.E.) and post-experiment (A.E.) stages for
each combination of wood type, section
direction, and varnish type. The differences
are calculated by subtracting the P.E. value
from the A.E. value.

For example, in the Fresh Scotch Pine,
under the Radial section direction and using
Water-based varnish, the a* color value
decreased by 71.71 units from the P.E. to the
A.E. measurement. However, the b* color
value increased by 23.21 units, and the L*
color value decreased by 20.26 units.

The table compares color changes for
wood types, section directions, and varnish
types. It allows us to observe how each
combination affects the color properties of the
wood, as indicated by the changes in the a*,
b*, and L* values. Negative values represent
a decrease in color, while positive values
indicate an increase.

67

It's important to note that these color
values are specific to the experimental
conditions and may not represent the overall
color characteristics of the wood types in all
situations.

Wood type, age period, cross-section
direction and varnish type and their
interactions are found to be statistically
significant (o=0.05). Total color change test
results at wood type level are given in Figure
2.

Total Color Change at Wood Species Level
I Scoth pine
B Quercus
BN Chestnut

25

20

HG Values
73

S

w

Chestnut

Scoth pine

Quercus

Figure 2. Test results of total color change at
the wood type level.

Accordingly, AE* is highest in oak
samples, followed by scotch pine and chestnut
samples.

Duncan's test results at the age period level
are given in Figure 3.

Wood Age Period Comparison

HG Values
— (=] (]
N o n

=

%]

Fresh wood

Natural aged wood

Figure 3. Duncan test results at age period
level.

Accordingly, fresh wood's total color
change value is higher than naturally aged
wood material.
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The results of the Duncan test at the wood
type, age period level are given in Figure 4.

Color Change Values by Wood Type

B Fresh wood
Natural aged wood

HG Values
—_ —_— =] [N TR S]
o W (==} wh o

<o

Scoth pine Quercus Chestnut

Figure 4. Duncan test results at the wood type-
age period level.

Accordingly, AE* is highest in fresh oak
samples and lowest in naturally aged oak
samples. The difference between naturally
aged scotch pine samples and new chestnut
samples is statistically insignificant («.=0.05).

The results of the Duncan test at the cross-
sectional direction level are given in Figure 5.

Color Change Values by Section Direciton

25 B HG (AY)
 HG (B**)
2 20
= 15!
=
O 10
am
5

Radial

Tangent

Figure 5. The results of the Duncan test
conducted at the section direction level.

At the cross-sectional direction level, AE*
is higher in the radial cross-section.

Duncan's test results and AE* values at the
wood type, section direction level are given in
Figure 6.

Values for Wood Types and Section Directions
27.62

Scoth pine  Scoth pine  Scoth pine  Scoth pine  Scoth pine  Scoth pine
Radial Tangent Radial Tangent Radial Tangent

Wood Type / Section Direction

Figure 6. Duncan test results, AE* values at
the wood -section direction level.

At the wood type, section direction level,
AE* is highest in the radial direction of
chestnut samples and lowest in the tangential
direction. The difference between the
tangential cross sections of scotch pine and
oak samples is statistically insignificant
(a=0.05).

Duncan test results at the age period-
section direction level are given in Figure 7.

Values for Age Periods and Section Directions
307
251
20
®
5
< 15
=
101
54
0 Fresh wood Tresh wood Natural aged wood Natural aged wood
Radial Tangent Radial Tangent
Age Period / Section Direction

Figure 7. Duncan test results at age period-
section direction level.

When considering the age period and
section direction, it is observed that the
highest AE* value is found in the radial
direction of fresh wood. In contrast, the lowest
AE* value is kept in the radial direction of
naturally aged wood.

Duncan test results at the level of wood
type, age period, section direction are given in
Figure 8.
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Figure 8. The Duncan test results at the wood
type-age period-section direction level.
Values for Age Periods, Wood Types, and Section Directions

Hl Fresh wood
Natural aged wood

25
20
15
10
5
0

Fresh wood Fresh wood  Natural aged woodNatural aged wood
Scoth pine Quercus Scoth pine Quercus
Radial Tangent Radial Tangent

Age Period / Wood Type / Section Direction

Figure 8. The Duncan test results at the wood
type-age period-section direction level.

35

At the wood type, age period-section
direction level, AE* is highest in the radial
direction of chestnut samples and lowest in
the tangential direction of scotch pine
samples.

The difference between the radial direction
of fresh chestnut and the tangential direction
of naturally aged scotch pine, the tangential
and radial direction of new oak, the radial
direction of naturally aged scotch pine, and
the tangential direction of naturally aged oak
and the tangential direction of fresh chestnut
is statistically insignificant (o=0.05).

Duncan test results at varnish type level are
given in Figure 9.

Homogeneity Group Values by Varnish Type

HG Values
—_ = b R W
o S v S

[T

Water-based Acrylic

Polyurethane
Varnish Type

Figure 9. Duncan test results at the varnish
type level.

At the varnish type level, AE* is highest
for water-based varnish, followed by
polyurethane and acrylic varnish.

Duncan's test results and AE* values at the
wood type, varnish type level are given in
Figure 10.
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Values for Varnish and Wood Types

Il Scoth pine
N Quercus
I Chestnut

HG Values
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Water-based
Figure 10. Duncan test results, AE* values at
the wood tye-varnish type level.

Acrylic

Polyurethane

At the wood type, varnish type level, AE*
is highest for polyurethane-varnished oak
samples and lowest for polyurethane-
varnished scotch pine samples obtained in the
instances.

Duncan's test results and AE* values at age
period-varnish type level are given in Figure
11.

Values for Age Periods and Varnish Types

I mm \Water-based

]
w

s Polyurethane
N Acrylic

HG Values
—_ —_— (=] [o%] el
S S » &

w

0

Fresh wood Natural aged wood

Figure 11. Duncan's test results and AE*
values at age period-varnish type level.

At the specific age period and varnish type
level, the highest color change (AE*) value is
observed in fresh wood material treated with
polyurethane varnish, while the lowest AE*
value is found in newly-aged wood material
treated with acrylic varnish. This indicates
that the polyurethane varnish has a greater
impact on altering the wood's color compared
to the acrylic varnish, resulting in a more
noticeable color change. On the other hand,
the acrylic varnish demonstrates a relatively
minimal effect on the color of the newly-aged
wood.

Duncan test, AE* results for different
wood type, age periods and varnish types are
given in Figure 12.
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Values for Wood Types and Varnish Types

Il Water-based
Il Polyurethane
mm Acrylic

HG Values

Figure 12. Duncan test, AE* results for
different wood type-age periods and varnish

types.

The new oak polyurethane varnish variety
applied with polyurethane varnish exhibits the
highest AE* value at the wood type, age
period-varnish type level.

The results of Duncan's test for cross-
section direction, varnish AE* are shown in
Figure 13.

Values for Section Directions and Varnish Types
Em Water-based
s polyurethane
. Acrylic

30

HG Values
_ —_ ) )
(=] W f=] wn

w

0 Tangent

Radial

Figure 13. Results of Duncan test cross-
section direction-varnish AE* results.

Duncan's test results and AE* values at the
wood type, section direction-varnish type
level are given in Figure 14.

Values for Varnish Types, Wood Types, and Section Directions
20 ="
35
30-

HG Values
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Scoth pindScoth pine Quercus Quercus Chestnut Chestnut
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Figure 14. Duncan test results, AE* values at
wood type-section direction-varnish type
level.

Duncan test results at the level of age
period, section direction, varnish type are
given in Figure 15.

Values for Age Periods, Varnish Types, and Section Directions

40| mmm Polyurethane - Radial
35 mm Polyurethane - Tangent
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Figure 15. Duncan test results at age period-
section direction-varnish type level.

Duncan's test results for wood type, age
period, section direction, varnish type AE* are
shown in Figure 16.

Comparison of Varnish Types by Wood Type
0 B Water-based
: W Polyurethane
BN Acrylic

HG Values

0 T. Scoth pineNA. Scoth pine F. Quercus NA. Quercus  F. Chestnut NA. Chestout

Figure 16. Duncan test results at wood type-
age period-section direction-varnish type
level.

Total color change AE Duncan's test
homogeneity groups wood type, age period,
cross-section direction, varnish type values
are given in Table 6.
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Table 6. Total color change AE Duncan's test homogeneity groups wood type, age period, cross-

section direction, varnish type values

Type of Varnish /Cross-Section

Wood Water-based Polyurethane Acrylic
Type/ Age Period Radial Tangential Radial Tangential Radial Tangential
X HG X HG X HG X HG X HG X HG
Fresh Scotch pine  38.10 E 34.69 F 1264 Q 1160 R 2809 JK 7136 T
NA. Scotch pine 4107 D 3220 G 1315 Q 1525 OP 9747 S 5278 C
Fresh Oak 2895 I3 2772 K 5526 A* 5390 B 6.066 U** 1004 S
NA. Oak 1778 N 2124 LM 2195 L 2118 LM 2033 M 2088 M
Fresh Chestnut 30,73 H  29.70 | 5472 AB 1723 N 1566 OP 1698 N
NA. Chestnut 2838 JK 2750 K 2041 M 1680 N 1584 O 1481 P

NA. Natural aged; LSD + 0.9106; HG: Homogenity Group

This table provides insights into the
performance of different wood types under
various varnish types and cross-sectional
orientations, radial and tangential. For Fresh
scotch pine, it excels with water-based
varnish, displaying the highest homogeneity
group (HG) values in both radial (38.10 HG)
and tangential (34.69 HG) sections. In
contrast, its performance diminishes with
acrylic varnish, especially in the tangential
section (7.136 HG). NA. scotch pine performs
well with water-based and polyurethane
varnishes, excelling in tangential sections
(32.20 HG and 15.25 HG, respectively). Fresh
oak stands out under acrylic varnish,
exhibiting the highest HG values in both
radial (55.26 HG) and tangential (53.90 HG)
sections, while its performance is suboptimal
with  polyurethane varnish (6.066 HG
tangential). NA. Oak performs well under
acrylic varnish in the tangential section (21.95
HG) and moderately under other varnish
types. Fresh chestnut shows comparable
performance  under  water-based and
polyurethane varnishes, whereas acrylic
varnish yields lower HG values, especially
tangentially (15.66 HG). NA. Chestnut excels
with water-based varnish (28.38 HG radial,
27.50 HG tangential) and displays moderate
performance with polyurethane varnish, while
acrylic varnish results in lower homogeneity
values (15.84 HG tangential). This table aids
in the informed selection of wood and varnish
combinations, considering factors such as
wood type, varnish type, and cross-sectional
orientation.

Conclusions
In this study, the color change values of
commonly used varnishes in the furniture and
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woodworking industry, namely polyurethane
varnish, acrylic varnish, and water-based
varnish, are measured on the surfaces of
naturally aged wood materials. The evaluation
of the obtained color change value data
reveals the effects of different

varnish types on both fresh and naturally
aged wood materials that have undergone
surface treatment. The measurements are
conducted using a color change device head.
When the color change value data obtained are
evaluated:

Before the experiment, fresh and naturally
aged wood materials are sanded with 150 grit
sandpaper on a calibrated sanding machine,
and four coats of varnish are applied in total,
two coats of filler and two coats of top coat
varnish.

The experimental results indicate that
water-based and acrylic varnishes had a dry
film thickness of 120 um, while polyurethane
varnish had a slightly thicker dry film
thickness of 130 pum. This difference in dry
film thickness allows for a fair comparison of
the layer thicknesses between the different
varnishes.

The specific gravity values of the wood
materials in a dry air state are 0.55 g/cm?® for
fresh scotch pine and 0.48 g/cm? for naturally
aged scotch pine. New oak is 0.77 g/cm?3, and
natural aged oak is 0.70 g/cm?. Fresh chestnut
is 0.62 g/cm?®, and natural aged chestnut is
0.58 g/cm?®. All of the naturally aged wood
materials are found to have low specific
gravities. The reason for this is thought to be
the degradation of the wood material over
time.

Among the wood type, oak exhibited the
highest color change (AE), while chestnut
exhibited the lowest. The color change is also
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more pronounced in fresh wood than in
naturally aged wood materials.

In addition, it has been observed that the
color change (AE) is more pronounced in the
radial cross-sectional direction compared to
the tangential direction. This variation in color
change can be attributed to the reduced
absorption on the surface, which is caused by
the higher concentration of woody cell wall
components in the radial direction. When
considering the color change, it is important to
take into account the orientation of the wood
sample and the distribution of its cell
structure.

Regarding the varnish type, acrylic varnish
demonstrated the slightest color change,
followed by polyurethane and water-based
varnishes. Acrylic varnish is suitable for
applications where a minimal color change is
desired, and it is also appropriate for
preserving the natural color of the wood
material.

At the wood type, age period, cross-
sectional direction, and varnish type levels,
the highest color change (AE) is observed in
fresh oak samples with a radial cross-sectional
direction treated with polyurethane varnish.
Conversely, the lowest color change (AE) is
found in new oak samples with a radial cross-
sectional direction treated with acrylic
varnish.

Choosing the appropriate varnish type and
applying it correctly are crucial factors that
depend on the specific usage and properties of
the wood material. Notably, naturally aged
wood materials exhibit lower color change
values (AE), which should be considered
when deciding on the varnish type for wood
treatment.
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