J. Korean Wood Sci. Technol. 2021, 49(5): 471~481

pISSN: 1017-0715 eISSN: 2233-7180
https://doi.org/10.5658/WOO0D.2021.49.5.471

Original Article

Hygroscopicity and Ultraviolet (UV) Deterioration
Characteristics of Finished Woods'

Ji-Yeol KIM* - Byung-Ro KIM®*>"

ABSTRACT

This study investigated the hygroscopicity and UV deterioration characteristics of 3 domestic and 4 imported woods
using natural oil, stain, and varnish paints. In terms of hygroscopicity, it was found that the hygroscopicity of the

painted wood was lower than that of the unpainted wood, and that as the number of coatings increased, the hygroscopicity

decreased. In terms of anti-absorption, oil-based chemical paints showed higher resistance than water-based paints, and

natural oils showed results comparable to oil-based paints. As for the UV deterioration, the amount of color change

of the painted wood was lower than that of the unpainted wood, and there was no significant difference according
to the number of times of painting. The amount of color change was found to be low in oil-based paints and hardwoods.

Through this study, we confirmed effective moisture blocking and small color changes during painting using paints,

and it is believed that wood can be protected from internal and external defects through selective and efficient painting

based on data for excellent painting performance.
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1. INTRODUCTION

Wood is a material that has a close relationship with
mankind due to its easy accessibility, processability
and usability with the beginning of mankind. In addi-
tion, it has various performances such as high specific
strength and elasticity, beautiful pattern and color, tex-
ture, fragrance, and humidity control, so it has been
recognized as an important material indispensable to
us humans. Even today, it is widely used as a material
for architecture, civil engineering, furniture, musical
instruments, ships, and packaging (Kim, 2006). Wood,

a biological material, differs from inorganic materials
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such as iron and plastic in that its physical properties
change according to changes in humidity. If the wood
is placed in a place with high relative humidity (RH),
it absorbs moisture from the outside air. Conversely,
if the wood is placed in a place with low relative hu-
midity, moisture in the wood is dehumidified. That is,
moisture absorption or dehumidification continues un-
til an equilibrium state is reached by the difference
between the atmospheric water vapor pressure and the
moisture attraction in the wood, which is called the
hygroscopicity of wood (Kang et al., 2008). The hy-
groscopicity of wood is the reason why it is evaluated

as a human-friendly material by controlling the humid-
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ity of the human living environment, but it is a factor
that causes defects by causing changes in physical
properties, dimensional changes, and cracking. Among
them, dimensional change is the main cause of quality
problems that occur in the process of manufacturing
and using wood products. Therefore, it is said that un-
derstanding the relationship between wood and mois-
ture is important for the stable use of wood products
used for various purposes such as building materials
and furniture (Hoadley, 1980; Kang et al., 2008).
Just as humans use cosmetics to protect their skin,
wood is also painted using paints to suppress various
defect factors in addition to defects caused by
moisture. In order to manufacture wooden products
such as furniture or musical instruments, it is finally
subjected to a painting process by lumbering, drying,
bonding, and assembling. In particular, the painting
process is the final finishing process for the purpose
of beautifying the aesthetics of the product and pro-
tecting it from changes in the surrounding environment.
By painting, wood can be protected from con-
tamination, aging and damage of the material, and it
can improve moisture resistance, water resistance, flame
resistance, oil resistance, chemical resistance, insect
repellency, antibacterial and abrasion resistance, etc.
defects can be prevented (Jeong, 1994; DAPA, 2008;
Na et al., 2015; Oh and Park, 2015; Hwang et al., 2018;
Kim, 2018; Park et al., 2018; Arsyad et al., 2019; Park
et al., 2020; Park et al., 2021). However, there are many
influencing factors compared to painting of other ma-
terials, such as the complex structure and properties
of wood, differences in various species and character-
istics, and shrinkage and expansion due to the effects
of temperature and humidity. There are difficulties such
as understanding it sufficiently (Chung and Kim, 2001).
A study on the relationship between wood and
moisture is essential and can be said to be a basic field
of wood use, and studies related to hygroscopicity are

as follows. A study on the moisture absorption and de-

sorption properties of douglas fir, hinoki, larch, ply-
wood, and WML board® in response to humidity varia-
tion (Park and Jo, 2020), and water absorption and di-
mensional stability of heat-treated fast-growing hard-
woods (Priadi ef al., 2019), and hygroscopic property
of heat treated yellow poplar wood (Chang at el.,
2019), and evaluation of material properties of acety-
lated medium density fiberboard (Lee and Kim, 2020)
were recently studied. As such, recent studies on hygro-
scopicity have been conducted through several studies,
but research on the hygroscopicity of wood finished
with paint is insufficient. Therefore, the purpose of this
study is to scientifically reveal the effect of blocking
moisture and improving properties by coating using
paints, and also to make efficient painting by examin-
ing the characteristics according to species and paints.
For this purpose, the hygroscopicity and UV deterio-
ration characteristics by coating treatment for each ma-
jor paint were investigated for domestic and imported

materials that are currently mainly used.

2. MATERIALS and METHODS

2.1. Materials

2.1.1. Wood

A total of 7 species was selected for this study, in-
cluding 2 softwood species and 5 hardwood species.
For Korean red pine (Pinus densiflora), Japanese larch
(Larix kaempferi), and zelkova (Zelkova serrata), do-
mestic woods were used, and for walnut (Juglans re-
gia), white oak (Quercus alba) and red oak (Quercus
rubra) from North America, and merbau (/ntsia biju-
ga) from Southeast Asia, imported woods obtained
from domestic company Y were used. The domestic
woods were naturally dried at the natural drying plant
of Chungbuk National University, and the imported
woods was imported from North America and

Southeast Asia to Korea and subjected to natural dry-
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Table 1. Types, composition, and specific gravity of paints

Classification

Composition

Specific gravity

Natural oil

Citrus oil, Linseed oil, Linseed stand oil, Dammar, Beeswax, Glycerin ester, etc. 0.88

Acrylic emulsion resin, Non-toxic organic antibacterial agent with antibacterial

Water based stain properties, etc. 1.03

Oil based stain |Linseed oil, Special pigments, Antiseptics, etc. 0.95
Water based varnish | Acrylic / urethane resin, Quick-drying aqueous copolymer special resin, etc. 1.0
Oil based varnish |Oily polyurethane, etc. 0.9

ing for about 2 ~ 3 years. In addition, both domestic
and imported materials were obtained from lumber,
and the specimens were made from solid wood boards
with a size of 50(L) x 50(R) x 10(T) mm by removing

defects such as knots and cracks in the wood.

2.1.2. Paints and finishing

Among the paints for wood distributed in the do-
mestic market, a total of 5 paints was selected: natural
oil from German company A, which is mainly used
for furniture, water-based and oil-based stains from
domestic S, and water-based and oil-based varnish
from domestic N company. Table 1 shows the types,
components, and specific gravity of the paints for this
study. The application amount was determined as 100
g/m’ by calculating an appropriate amount for a speci-
men area of 50(L) x 50(R) x 10(T) mm. Also, in order
to find out the difference according to the number of
times of painting, wood that was painted 1, 2, and 3
times, respectively, was produced. For the painting, all
surfaces were uniformly painted by using a sponge
brush, and after checking the dry state of the coating

film, it was repainted.

2.2. Method

2.2.1. Hygroscopcity

According to the Korean industrial standard KS F
2205 (test method for hygroscopicity of wood), it was
measured at 40°C under 75% RH and 90% temper-

ature and humidity conditions. A thermo-hygrostat

(LAB TECH, LHT-22500) capable of controlling
temperature and humidity was used, and the measure-
ment area was the front. After measuring at 40°C un-
der the condition of RH 75%, the measurement was
changed to the condition of RH 90%. Hygroscopicity
was expressed as the equilibrium moisture content
(Equation. 1), and the anti-absorption (AA) of the
coating material was calculated using the equilibrium

moisture content (Equation. 2).

40°C RH 75% EMC(%) =
We — W) / W x 100 (1)
40°C RH 90% EMC(%) =
(Wo — W) / W x 100

where, Woy: equilibrium weight of 40°C RH 75% (g)
W: oven dry weight (g)
W equilibrium weight of 40°C RH 90% (g)

AA (%) = Wy — W) / Wy x 100 (2)

where, W, weight of untreated (g)
W weight of treated (g)

2.2.2. UV deterioration

UV deterioration was performed using an accel-
erated deterioration tester (QUV/SE) at UV 60° C. for
312 hours (UVA-340 lamp, radiation amount 0.77
W/m*/nm). In addition, the specimen was placed fac-

ing the lamp so that it could receive UV directly, and
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the distance from the lamp was arranged at 50 mm. The
optical properties of the samples before and after UV
deterioration were measured using a colorimeter
(X-RITE, COLOR EYE-7000A) to measure L*, a*,
and b* values according to the CIE L*a*b* color
space. Four points were measured to obtain an average
value. For the color difference (AE), the following
equation (Equation 3) was used, and the degree of col-
or change according to the AE value is shown in
Table 2. In addition, the Anti Color Changes (ACC)
of the painted material was calculated using the

amount of color change (Equation 4).

Table 2. Judgement standard for color difference

AE Degree of sensory perception
0.0 ~ 05 Trace
05 ~ 1.5 Slight
1.5 ~ 3.0 Noticeable
30 ~ 6.0 Appreciable
6.0 ~12.0 Much
12.0 over Very much

AE = [(AL)Y + (Ad) + (D)1 ()
where, AFE: total color difference
AL’ difference in L" (lightness)
Ad'": difference in a” (redness and greenness)
Ab": difference in b’ (yellowness and blueness)

ACC (%) = (Cq — C) / Cy x 100 4

where, C,: color changes of untreated (g)

Cy: color changes of treated (g)

2.2.3. Statistical analysis

In this study, statistical analysis was performed with
Duncan test (p < 0.05) using IBM SPSS Statistics 24
program to test for statistical significance according

to the number of coats.

3. RESULTS and DISCUSSION
3.1. Hygroscopicity

Table 3 shows the average equilibrium moisture

Table 3. EMC', AA" according to coating material and species under 40°C with RH 75% and 90% Unit: %

Coating Condition Korean red pine Japanese larch Zelkova Walnut Merbau  White oak Red oak  Average
material EMC AA EMC AA EMC AA EMC AA EMC AA EMC AA EMC AA EMC AA
40°C 75% 11.0 11.0 9.8 10.3 10.6 10.8 10.5 10.2
Untreated 40°C 90% 16.1 16.3 14.9 15.4 13.9 14.8 14.9 14.6
. 40°C75% 109 12 106 34 93 57 99 45 100 52 103 51 103 19 102 3.9
Natural ol 40°C 90% 160 10 160 1.8 137 76 149 33 132 50 140 50 143 40 146 3.9
Water based 40°C 75% 108 14 107 3.0 94 48 101 26 104 23 106 1.8 104 13 103 24
stain 40°C 90% 160 1.1 162 0.7 140 56 152 1.5 136 19 146 09 145 23 149 2.0
Oil based stain 40°C 75% 107 28 109 04 96 25 99 40 101 50 106 23 102 2.7 103 28
40°C 90% 154 43 160 2.0 142 45 149 33 132 45 144 26 140 60 146 3.9
Water based 40°C 75% 109 09 107 25 92 68 100 29 104 22 104 40 102 2.7 103 3.1
varnish 40°C 90% 158 22 158 33 139 63 149 3.0 136 1.6 144 24 143 4.0 147 32
Oil based 40°C 75% 10.6 3.9 99 103 91 73 94 87 95 99 97 104 102 28 98 76
varnish 40°C 90% 154 45 151 73 136 83 145 59 126 87 140 54 137 75 141 638
40°C 75% 10.8 20 106 39 93 54 99 46 101 49 103 47 103 23 102 4.0
Average 40°C 90% 157 2.6 158 3.0 139 64 149 34 132 44 143 33 141 47 146 4.0

EMC": Equilibrium Moisture Content, AA™: Anti Absorption
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content and anti-absorption rate of 1, 2, and 3 times
for each paint and throughout the temperature and hu-
midity conditions of 75% RH and 90% at 40°C, Fig.
1 shows the equilibrium moisture content and Duncan
test results of unpainted wood by species and natural
oil-painted woods according to the number of 1, 2,
and 3 coats under temperature and humidity conditions
of 75% RH and 90% at 40°C.

The unpainted wood had equilibrium moisture con-
tent of 11.0% and 16.1% for Korean red pine, 11.0%
and 16.3% for Japanese larch, 9.8% and 14.9% for zel-
kova, 10.3% and 15.4% for walnut, 10.6% and 13.9%
for merbau, 10.8% and 14.8% for white oak, 10.5%
and 14.9% for red oak under temperature and humidity

conditions of 75% RH and 90% at 40°C, respectively.
Kim et al. (2018) found that, in a study on the hygro-
scopicity of major Korean tree species, the equilibrium
moisture content was 10.7% and 14.6% for softwood
and 10.9% and 15.4% for hardwood, respectively, un-
der temperature and humidity conditions of 75% RH
and 90% at 40°C. Haishi et al. (1973) reported that,
in a study on the equilibrium moisture content of ma-
jor Japanese tree species, the equilibrium moisture
content was 12.3% and 16.9% for softwoods and
12.3% and 17.4% for hardwoods, respectively, at 40°C
under 75% RH and 90% temperature and humidity
conditions. The equilibrium moisture content of the

unpainted woods in this study (at 40°C under the tem-
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Fig. 1. Equilibrium moisture content of natural oil under 40°C with RH 75% and 90%.
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perature and humidity conditions of 75% RH and
90%) was 11.0% and 16.2% for softwood and 10.4%
and 14.7% for hardwood, respectively. When com-
pared with the study of Kim et al. (2018) under the
same temperature and humidity conditions, the soft-
wood and hardwoods of this study showed similar
equilibrium moisture content, but softwood and hard-
wood showed low equilibrium moisture content. for
both conditions than the study of Haishi er al. (1973).

The average equilibrium moisture content of the
painted wood under temperature and humidity con-
ditions of 75% RH and 90% at 40°C was 10.8% and
15.7% for Korean red pine, 10.6% and 15.8% for
Japanese larch, 9.3% and 13.9% for zelkova, and 9.9%
and 14.9% for walnut, 10.1% and 13.2% for merbau,
10.3% and 14.3% for white oak, 10.3% and 14.1%
for red Oak. Lee et al. (2002) showed that linseed,
castor, olive, soybean, perilla, and sunflower seed oils
and fats were applied to pine wood in a study on hy-
groscopicity through natural oil treatment. It was re-
ported that the oil-painted wood absorbed less mois-
ture than the unpainted wood. In this study, the
amount of moisture absorption of the natural oil coat-
ing material was found to be less than that of the un-
painted wood, and it is judged that the moisture ab-
sorption was suppressed through the coating treatment.

The anti-absorption rate by species was 5.4% for
zelkova, 4.9% for merbau, 4.7% for white oak, 4.6%
for walnut, 3.9% for Japanese larch, 2.3% for red oak,
and 2.0% for Korean red pine, with an average of
4.4% hardwoods and 3.0% of softwoods under tem-
perature and humidity conditions of 75% RH at 40°C.
Under the temperature and humidity conditions of 4
0°C and 90% RH, zelkova 6.4%, red oak 4.7%, mer-
bau 4.4%, walnut 3.4%, white oak 3.3%, Japanese
larch 3.0%, and Korean red pine 2.6%, as average for
hardwood 4.2% and for softwoods 2.8%. Overall, the
results show that hardwoods such as zelkova, merbau,

white oak, walnut, and red oak show higher resistance

to hygroscopicity than softwoods such as Korean red
pine and Japanese larch in temperature and humidity
conditions of 75% RH and 90% at 40°C. In softwoods,
tracheid occupy more than 90% of the cell wall struc-
ture, and in hardwoods, vessel elements for 50%,
wood fibers for 25%, and ray cells for 20%, indicating
a difference in permeability (Lee, 2018). As such, soft-
woods with a relatively simple structure and hard-
woods with differentiated functions show anatomical
differences (Kwon et al., 2020). It is judged that the
differences according to species in the moisture ab-
sorption process after painting are factors such as dif-
ferent permeability and anatomical characteristics be-
tween species. As such, it is judged that there is a
difference depending on the species in the moisture
absorption process after painting due to differences in
permeability and anatomical characteristics between
different species.

The anti-absorption rate by paints was 7.6% for
oil-based varnish, 3.9% for natural oil, 3.1% for wa-
ter-based varnish, 2.8% for oil-based stain, and 2.4%
for water-based stain, with an average of 4.8%
oil-based painted and 2.8% of water-based painted un-
der temperature and humidity conditions of 75% RH
at 40°C. Under the temperature and humidity con-
ditions of 40°C and 90% RH, oil-based varnish 6.8%,
natural oil and oil-based stain 3.9%, water-based var-
nish 3.2%, and water-based stain 2.0%, as average of
for oil-based paints 4.9% and for water-based paints
2.6%. The results of 40°C, RH 75% and RH 90% tem-
perature and humidity conditions were generally
similar. It was confirmed that oil-based paints such as
oil-based varnishes, natural oils, and oil-based stains
showed higher anti-absorption than water-based paints
such as water-based stains and water-based varnishes.
In addition, as the number of coatings increased, the
equilibrium moisture content decreased. As a result of
Duncan test statistical analysis, there was a more sig-

nificant difference between the unpainted wood and
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the 3 coats than the 1 and 2 coats. It was confirmed
that the most effective moisture absorption inhibitory
power was obtained (Fig. 1).

The fact that the painted wood shows lower hygro-
scopicity than the unpainted wood, and that the hygro-
scopicity decreases as the number of coatings in-
creases is considered to be influenced by the sup-
pression of moisture absorption of wood by painting
with paint (KFRI, 1989). The natural oil in this study
showed high anti-hygroscopicity compared to other
chemical paints, and low hygroscopicity compared to
traditionally used natural oils (Lee et al, 2011).
Existing natural paints were mainly used alone by ex-
tracting and refining them from fruits, seeds, saps of
plants, or bodily fluids and secretions of insects (Kim
et al., 2002; DAPA, 2008; Kim, 2010; Lee et al.,
2011; Park, 2018). However, unlike the existing natu-
ral paints, the natural oil used in this study is a paint
manufactured by mixing natural extracts. It has been
improved compared to before by adding natural oils
and fats such as linseed oil, orange oil, dammar wax,
and beeswax, showing excellent moisture barrier prop-
erties (Choi, 2013; Lee et al., 2011). Park e al. (2015)

Table 4. CC", ACC" according to coating material and species

conducted a study on the change of volatile organic
compound emission characteristics of pine boards ac-
cording to painting treatment using varnish, wa-
ter-based stain, and natural oil paint. As a result of
the study, it was reported that varnish emits a large
amount of harmful VOCs such as toluene, xylene, and
ethyl benzene from the paint itself, and that natural
oil hardly emits harmful VOCs from the paint itself.
The oil-based varnish in this study has the best mois-
ture absorption suppression ability, but as in the study
of Park et al. (2015), it may have problems in use,
such as increased concentration of harmful VOCs in
the indoor air. However, natural oil has fewer harmful
VOCs emitted from the paint itself during painting,
and it has an excellent moisture absorption sup-
pression ability to compensate for defects in wood, as
well as to secure healthy indoor air quality and im-

prove the environment-friendly living environment.

3.2. UV deterioration

Table 4 shows the average amount of color change

and the anti-color change rate of 1, 2 and 3 times by

Unit: AE(CC), %(ACC)

Korean red Japanese

Coatir.1g1 Times pine larch Zelkova Walnut ~ Merbau  White oak Red oak  Average
materia
CC ACC CC ACC CC ACC CC ACC CC ACC CC ACC CC ACC CC ACC
Untreated 0 163 10.5 13 6.2 5.4 45 10.3 7.8
Natural oil ' 3 100 386 115 -86 28 -1233 1.1 827 7.6 -41.8 57 277 75 266 66 -7.6
Average
Water based 1~ 3 1, g0 110 46 49 2800 80 -286 1.6 704 13 705 31 702 64 -146
stain Average
Oil based stain | > 70 569 96 85 7.8 -5212 49 210 14 739 2.5 450 34 666 52 -356
Average
Water based 1~ 3130 105 106 04 59 3677 82 316 30 451 20 548 29 714 66 -30.3
varnish Average
Oil based 1~ 3 g 577 g3 212 24 26 580 72 339 47 38 3.6 645 51 108
varnish Average
Average 105 356 102 32 48 -277.8 49 203 42 227 33 278 41 599 60 -155

CC": Color Changes, ACC": Anti Color Changes
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species and paint, and Fig. 2 shows the color change
and Duncan test results of unpainted wood and natural
oil-painted wood according to the number of 1, 2 and
3 paints by species.

The average color change of the unpainted wood
was 7.8, which was 16.3 for Korean red pine, 10.5
for Japanese larch, 1.3 for zelkova, 6.2 for walnut, 5.4
for merbau, 4.5 for white oak, and 10.3 for red oak.
When classifying the results based on the color judg-
ment criteria, Korean red pine was very much graded,
Japanese larch, red oak, and walnut were much grad-
ed, merbau and white oak were appreciable grade, and
zelkova was found as slight grade.

The amount of color change by species type of the
painted wood was Korean red pine 10.5, Japanese
larch 10.2, zelkova 4.8, walnut 4.9, merbau 4.2, red
oak 4.1, white oak 3.3, with an average of 10.4 for
softwood and 4.2 for hardwood. When classifying the
results based on the color judgment criteria, Korean
red pine and Japanese larch much grade, except for
the two species, other species were found to be appre-
ciable grade. In addition, the amount of color change
by paint was found to be 6.5 for water-based and 5.7
for oil-based, followed by natural oil and water-based
varnish 6.6, water-based stain 6.4, oil-based stain 5.2,

and oil-based varnish 5.1. When classifying the results
mUntreated w1 treated

B
16.00
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12.00 nAA A IAI
w 1000 Ik
< BOD
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4.00 n B B
=
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0 "‘: .i

Koreanred lapanese
pine arch

Zekova

based on the color criterion, natural oil and wa-
ter-based varnish were found to be much, and
oil-based varnish and oil-based stain were appreciable.

The anti-color change rate to painted wood was red
oak 59.9%, Korean red pine 35.6%, white oak 27.8%,
merbau 22.7%, walnut 20.3%, Japanese larch 3.2%,
zelkova —277.8% by species type. As a result, the aver-
age for softwoods was 19.4% and the average for
hardwoods was -29.4%. By paint, oil-based varnish
was 10.8%, natural oil -7.6%, water-based stain -14.6%,
water-based varnish -30.3%, and oil-based stain -35.6%,
with an average of -10.8% for oil-based and -22.5%
for water-based. As for the anti-color change rate of
each species, other species except zelkova showed the
effect of inhibiting color change during painting treatment.
By paint, other paints except oil-based varnish showed
low color change inhibition in wood during painting,
and oil-based varnish showed the best effect of inhibit-
ing color change. In addition, as a result of statistical
analysis of Duncan test, it was confirmed that the
amount of color change of the painted wood showed
a significant difference with the unpainted wood due
to a low color change depending on the presence or
absence of painting treatment, but it was confirmed
that it did not show a significant difference depending
on the number of times of painting (Fig. 2). Pandey

2 treated 3 treated
= T
B ap
[
Walnut Merbau Whiteoak Red oak
Species

Fig. 2. Color changes of natural oil after UV irradiation aging.
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et al. (2015) reported that acetylated wood painted
with polyurethane has a higher resistance to accel-
erated deterioration and vapor phase deterioration than
untreated wood with the same coating. Lee et al.
(1995) painted larch after adding UV absorbers and
HALS to polyurethane varnish. As a result, it was re-
ported that it showed the smallest change in color by
reducing yellowing of the coating film and suppress-
ing discoloration of wood, and it was reported that
polyurethane varnish painting showed less color
change than unpainted treatment. Dombay (1973) re-
ported three major causes of discoloration in trans-
parent painted wood: the yellowing and photochemical
action of the paint itself, the chemical action of wood
reactants and paints, and the interaction of UV, atmos-
pheric oxygen, and moisture. Hon et al. (1984) re-
ported that the discoloration of wood is caused by the
reaction of UV with the lignin, which is the chromo-
phore of wood, in the presence of oxygen and mois-
ture, and that the longer the exposure time to UV, the
less the aromatic component. The oil-based paints
used in this study caused yellowing in the wood after
painting, and it is judged that the oil varnish showed
lower color changes compared to other paints due to
yellowing and photochemical effects on the wood. As
such, it can be seen that the color change due to UV
is mainly changed by the components of the paint and
lignin. It is judged that the color change caused by
UV can be suppressed by chemical and physical treat-

ments such as painting with the addition of stabilizer.

4., CONCLUSION

This study investigated the hygroscopicity and UV
deterioration characteristics by UV to find out whether
or not there is a moisture blocking effect by applying
paint to major domestic and imported woods used in
Korea.

Overall, the hygroscopicity of the painted wood was

less absorbent than the unpainted wood, and it was
found that it most effectively blocks moisture when
painting 3 times than 1 or 2 times. As for chemical
paints, oil-based paints showed lower hygroscopicity
than water-based paints, and natural oils showed low
hygroscopicity comparable to oil-based paints. In ad-
dition, hardwoods showed lower hygroscopicity than
softwoods.

As for the amount of color change in wood due to
UV deterioration, the color changes of the painted
wood was lower than that of the unpainted wood, and
there was no significant difference according to the
number of coatings. By paint type, the oil-based type
showed a lower amount of color change than the wa-
ter-based type, and by species type, the hardwood ma-
terial showed a lower amount of color change than
the softwood material. Through this study, it is judged
that more efficient painting performance can be ach-
ieved by selecting a paint suitable for various con-
ditions, such as the purpose of painting, the environ-

ment of use, and the place of use.

REFERENCES

Arsyad, W.0.M., Basri, E., Hendra, D., Trisatya, D.R.
2019. Termite resistance of impregnated jabon
wood (Anthocephalus Cadamba Miq.) with
combined impregnant agents. Journal of the Korean
Wood Science and Technology 47(4): 451-458.

Chang, Y.S., Han, Y.J., Eom, C.D., Chun, S.J., Yeo,
H.M. 2019. Hygroscopic property of heat treated
yellow poplar (Liriodendron tulipifera) wood.
Journal of the Korean Wood Science and Technology
47(6): 761-769.

Choi, K., Ji, J.Y. 2013. A study on the development
plans for various surface decoration techniques of
woodcraft works and wooden furniture with the
utilization of environmentally friendly paint:

Focusing on the juxtapositional mixture effect of

- 479 -



Ji-Yeol KIM -

colors and the application of wood sculpture
techniques. Journal Korea Society of Visual Design
Forum 38: 345-354.

Chung, B.S., Kim, S.K. 2001. Furniture Design. Seoul.
Mijinsa.

Defense Acquisition Program Administration. 2008.
Paint standard practical handbook. Seoul. Defense
Acquisition Program Administration Standards
Management Department.

Dombay, S. 1973. The influence of finish on colour
changes in wood. Journal of the Oil & Colour
Chemists’ Association 56(2): 77-82.

Haishi, T., Nakano, T., Kaburagi, J. 1973. Properties
of important Japanese woods physical properties
4 on the moisture absorbability and swelling.
Journal Article 256: 23-84.

Hoadley, R.B. 1980. Understanding wood: A craftsman’s
guide to wood technology. Taunton press.

Hon, D.N.-S., Chang, S.T. 1984. Surface degradation
of wood by ultraviolet light. Journal of Polymer
Science: Polymer Chemistry Edition 22(9): 2227-2241.

Hwang, LS., Park, J.H., Kim, S.C. 2018. A study on
the optical characteristics according to the lacquer
drying conditions for the conservation of lacquerwares.
Journal of the Korean Wood Science and Technology
46(5): 610-621.

Kang, C.W., Kim, N.H., Kim, B.R., Kim, Y.S., Byeon,
H.S., Soe, W.T., Yoe,. HM.,, Ho, S.W., Lee, W.H.,
Lee, H.Y. 2008. Wood Physics and Mechanical.
Seoul Korea. Hyangmoonsa.

Kim, H.J., Lee, B.H. 2002. Development trends of
natural coatings: Rhus lacquer, dendropanax
lacquer and cashew nutshell liquid (CNSL) lacquer.
Prospectives of Industrial Chemistry 5(5): 35-43.

Kim, J.Y., Eom, S.H., Kim, B.R. 2018. Hygroscopic
properties of major korea wood species. In: 2018
Proceedings of The Korean Society of Wood
Science and Technology Spring Meeting. The
Korean Society of Wood Science and Technology,

Byung-Ro KIM

Jinju, Korea, pp. 60.

Kim, N.H., Park, H.M., Byeon, H.S., Yang, J.K., Lee,
J.Y., Chong, S.H. 2006. Secondary xylem formation:
Introduction to biomass science. Seoul. Life science
publishing Co.

Kim, Y.J. 2010. A Study on finishing technique of
woodworking furniture: Focus on oil finishing.
Journal of the Korea Furniture Society 21(5):
354-366.

Kim, Y.S. 2018. Current researches on the protection
of exterior wood from weathering. Journal of the
Korean Wood Science and Technology 46(5):
449-470.

Korea Forest Research Institute. 1989. Wood Painting
for Interior Furniture. Forestry Research Institute.
Seoul. Korea.

Kwon, O.K., Kim, N.H., Kim, J.S., Seo, J.W., Chung,
Y.J. 2020. Wood anatomy. Seoul. Journal of the
Korean Wood Science and Technology.

Lee, D.H., Oh, HM., Kang, C.H., Son, D.W., Kim,
J1. 2002. The evaluation of water repellent
effectiveness of natural oil treated wood. Forest
bioenergy 21(2): 34-42.

Lee, J.M. 2018. Distribution of moisture content in
wood below fiber saturation point. Master thesis,
Kyungpook University. Korea.

Lee, J.S., Kim, S.J. 2020. Evaluation of material
properties of acetylated medium density fiberboard
(MDF). Journal of the Korean Wood Science and
Technology 48(3): 393-404.

Lee, P.W., Kang, K.T. 1995. Spectrophotometrical
properties of polyurethane varnish containing UV
absorber and HALS(hindered amine light stabilizer
for exterior). Journal of the Korea Furniture Society.
6(1): 21-30.

Lee, S.W., Choi, K. 2011. An evaluation study on
effectiveness and improvement of wood painting
which used natural finishing materials: Focusing

on the effect of infant and toddler’s skin and

- 480 -



Hygroscopicity and Ultraviolet(UV) Deterioration Characteristics of Finished Woods

respiratory organ. Journal of Digital Design 11(4):
101-110.

Na, W.J., Cho, S.Y., Kim, D.R., Chung, W.Y. 2015.
Water resistance evaluation of the oils coating for
conservation of wooden cultural heritage. Journal
of Conservation Science 31(1): 13-20.

Oh, S.W., Park, H.J. 2015. Vacuum pressure treatment
of water-soluble melamine resin impregnation for
improvement of mechanical property, abrasion
resistance and incombustibility on softwood. Journal
of the Korean Wood Science and Technology 43(6):
792-797.

Pandey, K.K., Srinivas, K. 2015. Performance of
polyurethane coatings on acetylated and benzoylated
rubberwood. European Journal of Wood and Wood
Products 3(1): 111-120.

Park, H.J., Jo, S.U. 2020. Moisture absorption and
desorption properties of douglas fir, hinoki, larch,
plywood, and WML board” in response to humidity
variation. Journal of the Korean Wood Science and
Technology 47(5): 567-578.

Park, J.H. 2010. A study on investigation and

reconstruction of oil paint in Korea. Master thesis,

Chungang University. Korea.

Park, S.B., Lee, M., Lee, S.M., Kang, Y.S. 2015. VOCs
emission characteristics of coating materials for
wood finishing. Journal of the Korea Furniture
Society 26(1): 22-30.

Park, S.H., Han, Y.J., Son, D.W. 2020. Flame retardancy
of wood products by spreading concentration and
impregnation time of flame retardant. Journal of
the Korean Wood Science and Technology 48(4):
417-430.

Park, S.H., Han, Y.J., Son, D.W. 2021. Flame retardancy
of plywood treated with various water glass
concentration and additives. Journal of the Korean
Wood Science and Technology 49(1): 44-56.

Park, S.Y., Hong, C.Y., Kim, S.H., Choi, J.H., Lee,
H.J., Choi, 1.G. 2018. Studies on Photoprotection
of Walnut Veneer Exposed to UV Light. Journal
of the Korean Wood Science and Technology 46(3):
221-230.

Priadi, T., Sholihah, M., Karlinasari, L. 2019. Water
absorption and dimensional stability of heat-treated
fast-growing hardwoods. Journal of the Korean
Wood Science and Technology 47(5): 567-578.

- 481 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


