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Review

Current Researches on the Protection of
Exterior Wood from Weathering1

Yeong-Suk Kim(®>'

ABSTRACT

A review of research trends on wood surface protection for exterior use obtained the following conclusions: It has
been reported that inorganic compounds such as chrome and copper used as wood preservatives can protect wood
from weathering. It has been shown that precoating with hydrophobic substances such as wax and oil, UV absorbers,
and HALS (Hindered Amine Light Stabilizers) enhances weathering resistance on the surface of ACQ-treated wood.
Opaque coatings of paint/stains and semitransparent stains on the surface of preservative treated wood can increase
the synergistic effects on prevention of weathering deterioration. Also the need for repainting periodically for the protection
of the preservative treated wood surface has also been suggested. ZnO or TiO, of fine particles, metal ions such as
Co, Cr, Fe, Mn, Ni and Ti, and UV absorbers such as tris-resorcinol triazine derivatives, triazine and benzotriazole
were introduced as additives for preventing UV in the transparent coating on wood. Several reports showed that chemical
modification such as methylation, acetylation, or alkylations have made some increases the effects of preventing weathering
with the increasing weight gain of chemical formulas. In heat-treated wood, there were various contradictory reports
on the resistance of weathering, and there were some other reports emphasizing the necessity of painting with UV
resistance, which leads to the necessity of more advanced studies.

Keywords: weathering, wood surface protection, exterior use, preservative treatment, wood coating

in the construction market, the wooden housing market

1. INTRODUCTION
has shown a consistent growth rate with some 12%
It is predicted that the use of wood will increase over the previous years in terms of the number of

even more than before as shown by the recent wooden houses that started to building in 2016 (The

establishment of <The Social Contribution Type
Operation Standards for Forest Carbon Offsets>, and
the Article of the Enactment of the same titled act and
the promotion of the use of wood products as a type
of businesses that offset forest carbon (Korea Forest

Service, Regulation 2016-2). Also, despite the recession

Korea wood newspaper, 2017). A 2017 survey on the
weathering of exterior wood from 23 wooden houses
of 5 to 23 years old in South Korea showed that most
of the exterior wood showed various types of weathering
deterioration (Kim et al, 2017). Discoloring was

considered to be the most frequent deterioration of
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weathering, and there appeared some numerous splits
and cracks on the surface; and in the worst case, there
was internal decay resulting from surface cracks. Most
wood species used in South Korea were imported
softwoods, like the Douglas fir, SPF, and Radiata pine
as well as domestic larch, and the artificially accelerated
weathering test showed that, within 30 days after the
exposure, considerable weathering deterioration, such
as discoloring was detected (Shin et al., 2018). Various
types of wooden buildings including log houses, Hanok
(Korean traditional houses), and light-frame structures
have shown weathering deterioration, and in case of
wood sidings, window frames, fascia boards, decks
exposed to the outdoors, severe weathering
deteriorations were appeared. Furthermore, it has been
pointed out that many weathering effects have been
occurred not only on southward members, but also on
members in other locations, and that protection
technology from surface weathering should be
considered important for exterior wood members in
South Korea (Kim et al., 2017). Particularly, there have
been several research reports on weathering in the
domestic environment, which pointed out the
phenomena of wood discoloring or changes in chemical
components (Qi et al., 2016; Kim et al., 2009).
According to the domestic and foreign research trends
on environmental factors in weathering of wooden parts,
the important causes include sunlight radiation, like UV,
IR, or visible rays, oxygen, water, heat, pollutants, fine
dust by wind, and microorganisms (Kim, 2017; Qi et
al., 2016; Rowell, 2013, Kim et al., 2003a, 2003b).
There have been various studies that aimed to protect
the surface of wood from weathering due to the
above actors (Nejad & Cooper, 2017; Shoubo, 2017;
Nejad, 2015; Rowell, 2013). Wood surface protecting
technologies are methods that can control weathering
factors, like sunlight, moisture or microorganisms,
including surface coating, wood preservatives or resin

treatment, chemical modifications and heat treatment

(Nejad et al., 2017; Shoubo, 2017; Tomak et al., 2014;
Rowell, 2013). In addition, wood weathering deterioration,
such as discoloring or surface roughness, tends to appear
remarkably within from several months to two years
so that the surface protection treatment is often
performed right after the installation of wooden parts,
and several studies have proposed the repainting for
better maintenance (Ishikawa et al., 2017; Kataoka et
al., 2011a; Kataoka et al., 2011b).

This study aimed to analyze the research trends, by
a literature review, on various protection technologies
for the wood surface from weathering factors.
Specifically, the main concern was to investigate the
research results subjected to the weathering prevention
of wood preservatives, wood surface treatment for
leaching prevention of wood preservatives and
enhancement of surface protection from weathering,
various additives and coating techniques, chemical
modification techniques, and heat treatments for the
maintenance of aesthetic quality of wood and surface

protection.

2. WOOD PRESERVATIVE TREATMENT

2.1. Surface protection of wood
preservative from weathering

Wood preservatives are usually used to promote the
safety in the use of wood and the increase in service
life, by protecting wood from wood destroying fungi
and insects (Kim ef al., 2004). Since weathering of
wood is usually caused by photochemical reactions with
lignin or extractives on the outermost surface layer,
in many cases, wood preservative treatments may not
protect wood completely from UV and moisture.
However, it has been reported that chemical components
of wood preservatives as a fungicide or insecticide allow
protection of wood surface from UV, moisture and other

weathering factors. This chapter includes a review of
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researches that show such surface protection effects of
wood preservatives from weathering.

Inorganic compounds used as wood preservatives can
protect wood surface from weathering by UV (Rowell,
2013). Feist and Williams (1991) reported that CCA
(Chromated Copper Arsenate)-treated Southern pine
showed protecting effects from weathering, and that
pressure treatment with CCA would inhibit weathering
more than the surface treatment, and they also pointed
out that the more absorption of wood preservatives and
the deeper penetration into the wood enhance protecting
ability from weathering. Besides, various research
literatures have concerned about the weathering protection
effects of CCA-treated wood (Nejad & Cooper, 2011;
Evans et al., 1992; William & Feist, 1985; Hon &
Chang, 1985). It has been reported that the key
weathering protection role by CCA would result from
the formation of chromate ester by the reaction of
inorganic compounds in the CCA with lignin, which
inhibit  light
hydrophobicity and hinders the absorption of UV (Bull,
2001; Evans et al., 1994; Evans and Schmalzl, 1989,
Chang et al., 1982; Pizzi, 1980;). Particularly, CCA-

treated wood containing chrome was shown to be

absorption, and those increases

superior in the waterproofing property and weathering
inhibition effect to ACQ (Alkaline Copper Quat.) or
CuAz (Copper Azole)-treated wood (Nejad & Cooper,
2011). It has also been reported in Korea that the treated
wood with water-borne wood preservatives, like CCA,
ACQ and CuAz showed less lignin decomposition than
untreated wood, as well as higher resistance to
weathering (Kim et al., 2003a, 2003b).

Archer & Preston (2006) introduced the weathering
inhibition effect of copper in wood preservatives, and
others also reported that, in case of ACQ, CuAz and
Cu-chtanolamine, Cu -amine complex compounds had
a potential effect of preventing photo-oxidation of lignin
by UV. And therefore, they would get higher weathering

prevention effect than untreatment (Shoubo, 2017;

Nejad, 2015; Zhang et al., 2009; Timiz et al., 2005;
Grelier et al., 2000; Cornfield et al., 1994; Liu et al.,
1994). However, ACQ contains alkylammonium
compounds, in which case hydrophilicity due to alkyl
ammonium compounds swells wood and increases
moisture penetration, resulting in increased UV
penetration depth on the wood surface. As a result,
photo-oxidation of lignin is promoted and the
weathering prevention effect of ACQ may be decreased
(Nejad & Cooper, 2011). Therefore, coating on the ACQ
treated wood would be required for enhancement of
the resistance to weathering (Tanczos & Schmidt, 2002;
Ekstedt, 2002; Worringham, 1994). Particularly, Hon
(2010) reported that free radical caused by the reaction
between UV and wood components is increased by
moisture, and that polarized water permeates deeper
into the wood surface, leading to the swelling of cell
walls and resulting in the growth of the UV permeation
depth. This again leads to the increase in the generation
of free radical and weathering of wood surface in the
deeper layer. In other words, to protect wood surface
from weathering, both UV and moisture on the wood

surface should be controlled at the same time.

2.2. Coating on the preservative
treated wood

There have been various studies on controlling
hydrophilic property of ACQ-treated wood by enhancing
waterproofing property and dimensional stability on the
wood surface, using hydrophobic additives like wax
or oil (Evans et al., 2003; Evans et al., 2009; Zahora,
2000; Christy et al., 2005; Cui & Zahora, 2000, Nejad
& Cooper, 2010). Nejad & Cooper (2011) conducted
a natural weatherproof test for three years by coating
various paint on the surface of the woods treated with
CCA, ACQ and CuAz, and observed the absorptiveness,
discoloring, surface cracking and others. They reported

that water absorptiveness was higher with ACQ- and
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CuAz-treated wood than with CCA-treated wood. While
CCA-treated wood showed better waterproofing
property with oil-based paint than water-based paint,
but ACQ and CuAz-treated wood did not show any
significant  differences between oil-based and
water-based paint. Furthermore, compared to untreated
wood, CCA, ACQ and CuAz-treated wood showed less
discoloring, but there was no significant differences
in surface cracking between treated and untreated
woods, and the surface coating on the preservative
treated wood would reduce surface cracking by 30 to
40%, also reducing the weathering potential by surface
cracking. Sivrikaya er al. (2017) reported that the
semitransparent paint on the surface of CuAz treated
wood would improve the synergy effect of suface
protection from weathering. Kataoka et al. (2015) also
proclaimed through the natural weathering test on CuAz
and DDAC (Dimethyl Dodecyl Ammonium Chloride)-
treated Japanese cedar with the water-based & oil-based
paint on its surface for 108 months in Tsukuba, Ibaraki
Prefecture, that semi-transparent paint on CuAz-treated
wood exhibited excellent weathering protection effect
by maintaining good surface quality for some 10 years.
In other researches on coloring for preventing weathering
of western redcedar, discoloring was reduced, but the
occurrence of the dark spots, a typical symptom of
weathering by microorganisms, were not improved
(Stirling & Landry, 2016). The most effective anti-
weathering coating on the surface of CCA-treated
southern pine and Hem-fir as shown by the surface-
treatment test, using various types of paint was
paint/stain coating with opaque coloring as well as
semitransparent stain, showing that enough coating is
essential for outside use (Feist & Ross, 1995). Particularly,
Ozgenc et al. (2012) reported that UV-absorber coated
surface on the treated wood with micronized copper
preservative was effective in pine wood, but there was
no difference in colour stabilization and coating

permeation in beech wood, indicating that the weathering

protection effect of micronized copper preservative
differs by wood species. Furthermore, Natale & Vidal
(2017) coated oil varnish and paint on the treated wood
with water-borne preservative [CCB (Copper Chromated
Boron)]

Cypermethrin), and conducted a natural weathering test

and oil-borne preservative (IPBC &

for eight months in Luiz Antonio, Brazil. The results
showed that over 90% brightness variation and surface
cracking in all test deck specimens, and only CCB-
treated wood showed the least discoloring and surface
cracking, indicating that preservatives with inorganic
components would be effective in preventing weathering.
Another natural weathering test with oriental beech and
scots pine treated with copper or boron-based new
preservatives such as Tanalith-E & Adolit-KDS and
coated with synthetic varnish and polyurethane varnish
was conducted. The test results showed that the color
change of all preservatives was lower than untreated
specimens, and particularly, the specimen treated with
Tanalith-E and coated with polyurethane varnish
showed excellent weathering protection capabilities
(Turkoglu et al., 2015). As such, it has been shown
that while some wood preservatives with copper or
chrome may protect weathering by UV or moisture,
organic wood preservatives that do not contain metal
substances would be difficult to prevent weathering
without discoloration inhibitor or UV stabilizers
(Schauwecker et al., 2009). Stiring & Morris (2013)
reported that weathering prevention effects could be
acquired by finishing wood treated with carbon-based
preservatives that do not have any metal substances
with pre-coating, transparent or semi-transparent paint
that uses organic UV absorbers or HALS (Hindered
Amine Light Stabilizers) to control free radical. For
the surface protection of treated wood with wood
preservatives, the Forest Products Laboratory of the
United States Forest Service proposed two surface
coating techniques that allow for recoating every two
years on the surface of the treated wood. The first coating
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was to thinly coat oil-based enamel, and for the second
coating, water repellent agent and semi-transparent

permeable stain was used (Knaebe, 2013).

3. WOOD SURFACE PROTECTION
BY COATING

Coating is considered a useful method in protecting
wooden surfaces from weathering defects. JAS S18,
Standard Specification for Architectural Construction,
published by the Architectural Institute of Japan, divided
the exterior wood paint into colour finishing paint and
semi-transparent finishing paint, and the latter was
further divided into the film forming type and the
penetrating finish type (Shoubo, 2017). Since color
finishing coating forms opaque coating due to the color
of the paint, the wood pattern on the surface is hidden
below coating film. By the effects of the considerable
UV protection due to the paint, it has superior protection
from weathering comparing to semi-transparent
finishing coating, however it could not control for the
checking of the wood undemeath the coating film, which
makes it difficult to detect weathering or swelling
(Shobu, 2017; Knaebe, 2013; Rowell, 2013). In fact,
many of research reports focus on semi-transparent
finishing agents and additives for the protection of the
wood surface from weathering such as UV and water
(Shoubo, 2017; Reinprecht & Panck, 2015; Evans et
al., 2016; , Isaji, 2016; Grull et al., 2014; Knaebe, 2013;
Park & Kim, 2013; Landry ef al., 2013; Rowell, 2005,
2013; Landry & Blanchet, 2012). Discussed issues in
this chapter are the coating processes in the film forming
type and the penetrating finish type for wood surface

protection, including the effects of various additives.

3.1. Coating for forming film

Coating by forming film protects the surface of wood

by forming a film. Materials used for film-forming

coating are all types of paints, varsnishes, and lacquers
(Nejad & Cooper, 2017; Shoubo, 2017; Knaebe, 2013;
Rowell, 2005).

Paints that are used for film-forming coating often
contain coloring agent, which may contain colour or
protect the surface from UV. It is known that the more
the amount of coloring agent, the better the weathering
protection effect. It offers as it can protect the wood
surface from UV radiation, and it also offers a wide
variety of colors to choose (Nejad & Cooper, 2017,
Rowell, 2005; Satas & Traction, 2001). Due to the high
amount of coloring agent, opaque paint can maintain
its coating for about 10 years in outdoors, but
semi-transparent coating that has lower weathering
protection effects than opaque coating might enhance
weathering protection effect with increasing of coating
film thickness (Grull ez al., 2014). Oil-based or alkyd
paint is basically a suspension containing inorganic
coloring agents in oil, and latex paint is a suspension
of various latex resin and inorganic coloring agents
(Khedkar et al., 2017). Particularly, the Forest Products
Laboratory of the United States Forest Service
recommends acrylic latex as the most superior material
for protecting the surface of wood from the outside.
It is reported that this latex paint is water-repellent with
porous film to pass only moisture and higher durability
than oil-based paint (Knaebe, 2013). Others have studied
on the weathering protecting techniques using various
polymers, reporting that addition of polyvinylidene
fluoride (PVDF) to acrylic paint would improve surface
protection effects in various softwoods (Landry et al.,
2013; Landry & Blanchet, 2012). Acrylic polymers are
resistant to UV and not susceptible to weathering so
that it offers good protection for wood surface for a
long time. However, the water-soluble extracts
contained in wood such as redwood or western redcedar
may permeate out from the latex paint film. Some people
have tried to use oil-based paint coating as the primary

to prevent the extracts permeating, followed by acrylic
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latex paint, which get good results for the service life
of surface coating for over 15 years (Knaebe, 2013;
Rowell, 2005; Williams et al., 1999).

When weathering factors like UV or moisture cannot
be controlled only by paint, and some additives that
help to protect wood surface, such as inorganic
materials, could be used along with paint. Particularly,
inorganic metallic oxides like iron, titanium and zinc
oxide can be used as additives to absorb or diffuse
UV, and these materials give a good weathering
protection from UV (Park & Kim, 2013; Sharrock,
1990). But the use of these inorganic chemicals may
be limited on transparent paint to maintain the natural
color and pattern of wood as these materials cause
yellowish coloring or discoloration under natural light
(Aloui et al., 2007; Singh & Dawson, 2003). One of
the solutions to improve the transparency of inorganic
particles and allow for transparent film coating is the
nano sized metallic oxide particles. Some studies report
that the use of fine inorganic particles can improves
the transparency of additives and protections effect from
weathering, and thus to offer UV protection effects equal
to or better than organic UV absorbers or HALS (Auclair
et al., 2011; Cristea et al., 2010; Liu et al., 2010; Yu
et al., 2010; Weichelt et al., 2010; Pinnell, 2000; George
et al., 2005). Ozgenc et al. (2012) reported that the
artificially accelerated weathering test results on the
Scots pine and European beech after applying
transparent coating that contains micro-level TiO, and
Triazine UVA, showed the highest effect on the
discoloring protection. Others reporting that the
nano-level ZnO or TiO; is mixed to water-based paint
and is processed on black spruce shows the excellent
weathering protection effects (Salla et al., 2012;
Cristea et al., 2010). Additionally, the use of metal
acetylacetonates, a composite of metallic ions like Co,
Cr, Fe, Mn, Ni and Ti, and acetylacetonate negative
ion, showed better color stabilization, compared to Co

acetylacetonates, Ni, Mn, Ti, Fe acetylacetonates, and

the effects of Fe and Ni acetylacetonates on the
prevention of the lignin photo-oxidation by the complex
compound reaction with lignin was higher than any
other metals (Zhu & Evans, 2017). Besides, there have
been other reports on reducing the photodecomposition
of wood by applying tris-resorcinol triazine derivatives
[1-isoctyloxy carbonyl ethylated 2.4,6,tris (2,4-
hydroxyphenyl)1,3,5,triazine], triazine UV absorbers
and Benzotriazole UV absorbers to the film-forming
coating (Schaller & Rogez, 2007; Hayoz et al., 2003).
Since film-forming coating forms film on the surface
of wood, it has considerably effected on protecting wood
itself, but once the film is cracked or exfoliated, the
film weathering is detected immediately, and it caused
the high costs in weathered film removal and surface
preparation paint for recoating (Shoubo, 2017).
Furthermore, some studies have reported that it has
lower inhibition microorganism, compared to the
penetrating finishing coating, and dimensional stability
effects, and thus, the surface protection would become
more effective if paint is coated over after water repellent
coating (Rowell, 2013; Singh & Dawson, 2003).
Materials that form transparent film like varnish or
lacquer are not for outdoor use; if used for exterior
purposes, the wood surface would suffer from cracks
or exfoliation less than two years after coating (Nejad
& Cooper, 2017). If these are still to be used in outdoors
to keep the natural color of wood, transparent paints
containing a UV stabilizer or fungicide can be adapted,
but many studies have reported of the limited effects
on the weathering prevention for the surface (Rowell,
2013; Singh & Dawson, 2003). To prevent such pboblems,
HALS (Hindered Amine Light Stabilizer) or chromic
acid and other inorganic substances can be applied to
the wood in advance before the transparent varnish or
lacquer coating to improve weathering prevention
effects (Evans et al., 2016; Rowell, 2013). Chang et
al. (1998) reported that the preprocessing of Taiwania
heartwood with HALS Tinuvin 292 and coating of a
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UV absorber, Tinuvin 1130, showed some synergy
effects on the stabilization of color. Moreover, various
techniques have been developed by researchers to
improve the weathering prevention effect of transparent
film-forming using UV absorbers and HALS as well
as inorganic photo-stabilization additives, polyethylene
glycol (PEG), polymerizable resins, and various
aromatic compounds that allow for esterification of
wood (Evans et al., 2016; Reinprecht & Panek, 2015;
Carola & Mariaenrica, 2014; Forsthuber & Grill, 2010;
Pandey & Chandrashekar, 2006; George et al., 2005,
Schaller & Rogez, 2007; Hayoz et al., 2003; Rogez,
2002; Chang & Chou, 2000).

3.2. Penetrating type coating

Penetrating type coating is a finish that does not
form film, but has the paint penetrate on the wood
surface tissue, and it does not change the original surface
property of the material. Compared to the film-forming
type, it has lower wooden surface protection effect and
shorter duration time for showing coating effects.
However, if the penetrated paint layer is weathered,
the weathering effect is not detected immediately, and
it is easy to apply recoating (Shoubo, 2017). Materials
used for the penetrating type coating are semitransparent
stains including wood preservatives, water repellants,
and dye, and other chemical materials penetrated into
the structure of the wood surface (Nejad & Cooper,
2017; Shoubo, 2017; Knaebe, 2013; Rowell, 2005). Stains
are largely divided into transparent, semitransparent, and
opaque stains. Transparent stains may include nano-size
coloring agent, but generally, they do not contain
coloring agent, requiring the addition of UV stabilizers
or UV blockers to protect wood from UV (Nejad &
Cooper, 2017). However, semitransparent stains contain
some coloring agent so that they protect the surface
of wood from weathering, but they cannot completely

prevent weathering by UV (Nejad & Cooper, 2017;

Rowell, 2005). Rowell (2005) introduced that, in natural
and artificial weathering tests on the Scots pine and
Norway spruce coated with film-type paint and
penetrating type semitransparent stains, the surface of
wood applied with the semitransparent stains resulted
in weathering and could not be protected from UV,
as opposed to the paint with coloring agent. Some studies
have shown that semitransparent oil-based stains with
small amount of coloring agent showed the weathering
resistance by two to five years, although the results
differed by regions (Arnold et al., 1992; Stirling and
Morris, 2013; Kiguchi et al., 1997). Semitransparent
stains with high amount of coloring agent increases
weathering protection effects from UV, but the wood's
natural patterns and color is hidden, and thus, the amount
of coloring agent is considered to be important (Nejad
& Cooper, 2017; Knaebe, 2013). Opaque stains with
high amount of coloring agent can not only block UV
almost completely, but also they do not show little
cracking or exfoliation shown by the varnish or paint
film. The durability of the penetrating type stains is
dependent largely upon the factors of the amount of
coloring agent, resin, preservatives, water repellants,
and the amount of stains used for coating, and reports
have indicated that the best result on preventing
weathering was based on a stain system sufficiently
combining all these factors (Rowell, 2013). It is reported
that the use of penetrating type, water-repelling stains
that contain water repellant and wood preservative or
oil-based semitransparent stains on low-durable wood
under highly moist environment, would offer highly
water-repelling effects, resulting the effective weathering
prevention (Knaebe, 2013). Particularly, hydrophobic
oil-based water repellant or wax coating based on
resin-based water repellant was shown to enhance the
waterproof effects with over 90° of the contact angle,
and other studies have examined weathering prevention
by using Polyvinylidene fluoride (PVDF) and other

resins, UV stabilizers or antimicrobial agents (Landry
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et al., 2013; Landry & Blanchet, 2012; Kiguchi et al.,
1997).

4. CHEMICAL MODIFICATIONS

Besides the weathering prevention methods discussed
above, many other methods have been proposed. Some
scholars have conducted chemical modification studies
on wood so as to reduce the hydrophilic properties of
wood, and increase the dimensional stability by the
change of moisture as well as the resistance to
weathering. In other words, the chemical modifications
based on methylation, acetylation or alkylation formed
quinone, which blocks phenolic hydroxyl groups and
improves the color stabilizations on the surface of wood
by light (Rowell et al., 2009; Hill, 2006; Ohkoshi, 2002;
Beckers et al., 1998). Acetylated wood with the weight
increase by 10 to 20% tends to reduce yellowish
photo-induced weathering, cracking or surface erosion
(Rowell, 2013; Pandey & Pitman, 2002; Evans et al.,
2000a). Particularly, if the weight is increased by more
than 20% due to acetylation, wood is protected from
weathering, indicating that the acetylation level
influences the weathering effect (Alfredsen et al., 2013).
Ohkoshi et al. (2002) attempted to combine the
acetylation process and polyethylene glycol
methacrylation process to improve the acetylation
wood's resistance to weathering and reported that it
was able to reduce discoloring and surface cracking
on wood. However, while acetylation has been reported
to enhance relatively superior resistance to weathering
compared to various other chemical processes, when
wood is exposed to environments for a long time,
acetylated wood surface is exfoliated due to removement
of acetyl group by weathering (Gobakken & Westin,
2008; Evans et al., 2000a). Furthermore, it has been
reported that the acetate that was generated in the
acetylation process remains on wood, promoting the

oxidation of wood components, when exposed outdoor

environments in particular, the acetylation would not
greatly improve the resistance for weathering, and thus,
further advanced research is required on this subject
(Rowell, 2013; Imamura, 1993). In addition, there are
other chemical modification methods of protecting
wood from discoloring, cracking, or photo-degradation.
The other reported methods are, the esterification of
wood using succinic or proprionic anhydrides, phthalic
anhydrides, aromatic vinyl ester, and vinyl benzoate,
etc., by benzyl processing (Bhat er al., 2010; Pandey
& Chandrashekar, 2006; Evans et al., 2002), and
penetration treatment of synthetic materials such as
styrene and methylmethacrylate and other polymerizable
monomers, phenol formaldehyde resin and melamine
formaldehyde resin, and etc. (Hansmann et al., 2006;
Sudiyani et al., 2001; Rapp & Peek, 1999; Pittman
et al., 1992).

5. HEAT TREATMENT

Heat treatment is one of the wood processing methods
aiming to improve the dimensional stability and
durability of wood by applying heat over 200°C for
three to seven hours without oxygen and modifying
its physical and chemical properties (Esteves & Pereira,
2009). The reduction of -OH in wood due to the chemical
modifications during the heat process leads to an
increase of hydrophobicity, which results in the increase
of the waterproofing effect on the surface of wood and
offers excellent surface performance (Nejad et al., 2012;
Petrissans et al., 2003). But there are several contradicting
research results on the heat-treated wood's resistance
to weathering. Huang et al. (2012) reported that when
the heat-treated wood was exposed to the weather, the
crystalline region of the cellulose was broken during
the heat treatment process, and the hydrophilic group
increased, including the increase of wetness of the
surface. Ayadi et al. (2003) and Shi & Jiang (2011)

reported that, when exposed to outdoor for a short time,
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heat-treated wood would show less discoloring and
surface erosion and more resistant to discoloring
germs like A. pullulans, compared to unheated wood.
Wolkenhauer et al. (2008) and Awoyemi et al. (2009)
reported that there was no improvement on weathering
prevention by heat treatments and some studies reported
that coating performance decreased compared to
unheated wood (Nejad et al., 2012; Petri¢ et al., 2007;
Jamsé et al., 2000). Colors of the heat-treated ash wood
and iroko wood changed to bright sliver as the duration
of the natural weathering test increased, and heat-treated
Scots pine changed to a darker color for the first 18
months, and to silver grey after about 24 months. Xing
et al. (2015) found that the weathering resistance of
heat-treated wood would improve in the initial period
of the exposure to weather, but in the long run, its
resistance to weathering was low. Furthermore, MOR
of heat-treated wood after the natural weathering test
decreased and infected with sapstain fungi (Tomak e?
al., 2014). Even though the studies on heat-treated wood
reported that it had lower absorptiveness than
preservative treated wood, but the heat-treated woods
had an almost similar level of weathering deterioration,
compared to unheated wood (Dubey et al., 2010; Nejad
& Cooper, 2013). Nejad et al. (2017) emphasized that
heat-treated wood would require coating with stronger

UV-resistant paint than the preservative treated wood.

6. Conclusions

A review of research trends on wood surface
protection in exterior use obtained the following
conclusions:

1. Inorganic compounds such as chrome and copper
used as wood preservatives can protect wood from
weathering.

2. Precoating with hydrophobic substances such as
wax and oil, UV absorbers, and HALS (Hindered Amine

Light Stabilizers) enhances weathering resistance on
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the surface of ACQ-treated wood.

3. Opaque coatings of paint/stains and
semitransparent stains on the surface of preservative
treated wood can increase synergy effects on prevention
of weathering deterioration.

4. The need for repainting periodically for the
protection of the preservative treated wood surface has
also been suggested.

5. ZnO or TiO;, of fine particles, metal ions such
as Co, Cr, Fe, Mn, Ni and Ti, and UV absorbers such
as tris-resorcinol triazine derivatives, triazine and
benzotriazole were introduced as additives for
preventing UV in the transparent coating on wood.

6. Chemical modification such as methylation,
acetylation, or alkylations have increased the effect of
preventing weathering with the increasing weight gain
of chemical formulas.

7. In heat-treated wood, there were various
contradictory reports on the resistance of weathering,
and other reports prolcaimed the necessity of painting
with UV resistance, which leads to the necessity of

more advanced studies.
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APPENDIX

(Korean Version)

EA9) LS B Be H2el AT 5F

9k & FAME o] AGEE BAE FIRIARRE Bosl] ) AYE T Qs H2Y Aol thef 2AF
ALY 29 7dEs AR EE A 2 BEE 93 AT T oot 2Akst A ohg3t 22 A2S Ao
gk ACQA 2]
ZA9] FH| waxt oild-2 24AEZT UV &44, HALS(Hindered Amine Light Stabilizers) 52 W52 29|
precoating8}d 7)3Est AAS et 4 ok HuESGioh E3 HEEA FHo] EREY Eutg ] HE/AH
A HHEPAE QIFo] 71 Be A of gt AlUA] A7E w84 Qlths BaEo] thgr YSITh B3 EEA Y] #HESTE
ot A=A Ae] dasdo] A AT FEAY Exke] UVHAIE 913 A7k 2A ulAIdA+e] ZnO E+= TiO,, Co, Cr,
Fe, Mn, Nit} Ti 59 &£0]2, Tris-resorcinol triazine derivatives, triazine % Benzotriazole?} 2+ UVE4A| 5-o] 271% %1
th. Methylation, acetylation E+= alkylation 52t ZFo] 3}8}2 o2 A Ao o2 QI FHF7F 22 A9 714835t
PRABI} AsHche dFs0] 2/1F A, EAEA 71dEst Aol el o2 7HA] At s AR 5o
AN, UVAFAE S Ad =4e] daido] ZFxd Bt glo] Hrh 4k Qe A9 dago] AAbE

SAEZAR ARG AF, 72 T FIRE] SAE 71 ESEE Hag 4 gl AR HuEglh Eat

[¢]
H

2 TEAZY A 2 SRl Tek HEs A 272 9 B Y A ARz 7Nk SR Al A 293 ES
A8k, EAlF olgo] A AAAFE LR AAShe & FF A Aol HE S7HE AoR qSHa
Forest Service, Rregulation 2016-2). E3F AZA|AS] B4 7|02 E4151aL 20161 B35 25471 A div] 2% =
Fehe T ASKHLE £2 FES H3lth(The Korea wood newspaper, 2017). 0|9} 22 4ol A], 20179 H=of Zzs}
5259 A Aupe B2, 2308 e s ofguAol] AR 71 dEste] el 2ARE A}, AR tiEE o] o
Aol A chegt 713 2eht dAeH e BaskITHKim ef al., 2017). 7132t @4 FollA AHsht 7 Bk, 29
Zepolu &9 59 Aol woten, A3 Aeole BHTE S 53 WRES7HA 8E 4= LA FlolA
T2 AMH $E-2 18, SPF 9 7dat 22 YUY WAl HEE Fol FEoldet, AFESAWTZAAF A
o5 F0l k=E T 30UH =9 AT ol WFHD} 5 7144Esr AAEHA HAgo] BHE| FtKShin ef al., 2018). 7]343}
7F e RS 28, S W A EAR 5 R BERASEA B A EGAL 9716 REEE B,
A5, JAOHLE W vla 59 BEAolA 22 HRE 71 ES7t Uebith B3 BA7E AFEE SR A R 937F
W ofuel 1L 9] ffRoflMe g 714 Es} o] WE A ol A E-E FAjo] WEA] 7| EItR Y Hed
5 Sl A7t F85H thRoj Aok st Aol AR UTHKIm ef al., 2017). 53] HA49] 7|33 dstol et 22 A5
(Kim, 2017)0u;, =i g3 A9 713 dste] ok ARl o Sien o] 52 SA9] A 9l YR Hst 5o a4
B3t v} QITHQi et al., 2016; Kim et al., 2009).

EA9 71 dstel ot BAA AR W T AT FEFl s, UV IR, 7} 22 S RAL Ak,
5, 9, T od9EZ, v £ njAHXR|, njAdE 59 Aog HUEITHKim, 2017; Qi ef al., 2016; Rowell, 2013,
Kim et al., 2003a, 2003b). °]5 IAEE &l YAsk= 71F G2 RE EfRHE Hosly] 5k et WA 7|eo] gt
ALEo] £7)%$IthNejad & Cooper, 2017; Shoubo, 2017; Nejad, 2015; Rowell, 2013). £ 2] 7|43} W] 7|42 4,
5 9 AE 5 FIRIAE Aol £ Y= A7 FE RURDE ok E4(coating), HAREA Y 2419 FYH
g], glst4 74 A2 9 HA 2] Solti(Nejad et al., 2017; Shoubo, 2017; Tomak et al., 2014; Rowell, 2013). F3F A3}
2 F2H AdS 22 5AY 713G 27] p71E~-2d ol A Y Aol Slo] T ALY A
EARA A A5ol Algsts W] dubA o1, fA1 e Ao Aol THE AFSE thy EaE¢lrh(Ishikawa
et al., 2017; Kataoka et al., 2011a; Kataoka et al., 2011b).

2 FAM e 2 ARE Foto] Tdo] 8 71Es QARRE FA9 FH BRI E QIR 4 HEV|E9 AT 53

x2
=

_o\l:‘

-
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tiste] AL EA) Bzl sk 53] SAREA S 71 FAA B, FAREA 42 8 A 2 713 ast
A S A FHAz], SAe] Auld offthE A B 71 ERtR Y RHe RIsh] AR 4 WA =TI,
shebz] A A2 9 EAE Sl tfef F=stal Tof Bt 9 $FE A

2. 2XHEEN 2|

2.1, BEAREA A 7|Fgs UA E4

2o B EEAE 713 ge A ks Radolu BAjEiel 9%t se|2RE S Haste] 5 AR QP AL
o AMS F7HE HALE BEX A AHEs oFAloltHKim et al., 2004). SAQ] 7 HS = £ £H 939
YIdEE 55 59 dEo] Yol gt F3fehA whg o7 Y E7] wjio] BAREA 2|7t A} RO R Qg
7VdEsREE B4 4] HEd e gle AU Bk 2y 2 59 RS SRR AeEe SAEEA
of A&} 1 5O 7IFEE dAERE B 4 Qe SRS et Aole 1A g A ARE el
AR HIET Gt} B oAz U BA O R ANE s FRREA7} 71 Este a5 YEfle dARIE
tfste] A7fgtet.

EQEREAZ AHE 2718REE0] 4F SAHERHE A 3t detRRE 23 5 girka &7 E ithRowell,
2013). Feists} Williams(1991)-2 Southern pine®] CCA(Chromated Coper Arsenate)S A 2|32 o 7|ALE 3}t Whx| a7}
3L, CCAE 7IdA et 4%, ARt Ex A2 3% firc) 7[ddske) &7t o =eA AYE S-S Hashas oFA9
Soepol WL, ALl 2 49 71AHAst WA 3} o ok AL AR v Sk o] 2o CCARzlBAL 71
W2 G315 YyeRlE Ao digt thoFst £35(Nejad & Cooper, 2011; William & Feist, 1985; Hon & Chang, 1985; Evans
et al., 1992,)0] Ql=tl, CCAo| &5t 8 71443} W2 dado] & 5 F71= Awol 54 &9 2l 1dd} whgsto]
o 89 Z33E(chromate ester)& FATOEA F4do] Faro] A4S F7HI71L, AYAZTHE Adishe AL
2 R EQItkBull, 2001; Evans and Schmalzl, 1989, Evans et al., 1994; Pizzi, 1980; Chang et al., 1982). £3] A&
353t CCA A7 ZA7} ACQ(Alkaline Copper Quat.) E+= CuAz(Copper Azole) 2 2% Exjof H|s|A Eof thst
HaeAdo] fpsithal BFYAL o] 2 Qs CCA Aej5A49] 7]1/4Est W] ACQ E& CuAzA e Aol Hls| AA vehg
4= o] AJAFE HF Ak(Nejad & Cooper, 2011). =tHjo A= CCA, ACQ ¥ CuAzi} 22 =84 HAEEAE A2]H
R OA 2ld Ee7h FA el vle) At AR An, 71 Fdste] gt A= A Yebtthe ARt oot
(Kim et al., 2003a, 2003b)

Archer & Preston(2006)-> 2| EA HEZA A JLe]Admo] ofgh Apejdu) =gl o3t 7143t AAa s aviekgl,
B} A5l 95k oAk ACQ, CuAz ¥ +e]-chtanolamine] 7%, tel-amine2}[3ekE = Alslte|7} A< Ao
Ofgt g1 59 BAEE A3f 7he/do] qlolA, FA o) HlshA 71AEst A7 E0] a2 HarskglthShoubo, 2017; Nejad,
2015; Zhang et al., 2009; Timiz et al., 2005; Grelier et al., 2000; Cornfield ef al., 1994; Liu et al., 1994). 121} A Aol 4]
T8 EAREAZ FHEHE ACQE TE4EH I Alkylammonium compoundsE- EHsh=t| o] 7> Alkyl ammonium®}gt
2 Q% AP BAE FEAA =Y AFAC] AR fiel] SAEH A MEZ 7t SUE= §A4E AdH
(Nejad & Cooper, 2011) o] 2 Q13 Wof| oJ3t 2| 1d 59| FAksREso] 3o 7|4ds} WA aI7} oFshd = Q= ZoR
Urebstet. mhebd Z1Aeslol tig AR ZBHE SIS ok TR S0 247k aEE 202 B sk Tanczos
& Schmidt, 2002; Ekstedt, 2002; Worringham, 1994). 3], Hon(2010)& 24e] 47} ZA4Ee] uhgo @ whajal 21-gatr]zho]
Grom ola] Z7bS Husiely, 49| Bol BAmHY o Zo] HEsjo] AT Bes Sweky, A AN HELolS
FUNAN A frehtiZa o] BopT BAEHe] 7|4lsis we 2] S flelo] B st 5 ZAEES
VSRR WEal] YHAE Aelda B4 Te) i) B0 Aolgolo e Bk

2.2. FAEEA A2 Aol =

ACQA 2|54 &] A& Agtetr] 13 opdet AF-RalEo] e, BEAY &, waxt) il &4/ H7H1E A
g5to] ExjE ol HpAS Hoske] 240t A o] 3FAMA|7]= HH o tl(Evans et al., 2003; Evans et al., 2009; Zahora,
2000; Christy ef al., 2005; Cui & Zahora, 2000, Nejad & Cooper, 2010). Nejad & Cooper(2011)= CCA, ACQ ¥ CuAz
2 A BREA o] thoftt v E REste] AAWSAHA A 3T AAJskaL, S, AL 2HTE 59
o] tfaf 2ARE A, F44ES ACQ B CuAzA 2| A7F CCAR AR £4) Yehgts, CCARZ Aol At f4 =g
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7F 3ol wlal Wh/do] 3o, ACQ ¥ CuAzA 2ol b= §4 2 SRR 1F F93 Aol HolX] ghgtttar Bl
skt & dtellAl CCA, ACQ % CuAzA | A= FA 2ol s ML Hglovt FHdrg-e FAj2 el A7t
of Fo4 Zol7F G, WREA o] FHERS olH THTY WS 30~40%Y = TAAA H GRS 71443}
7Hs/dol ZAaSS HAskSt) Sivrikaya er al.(2017)2 CuAz2 A2E WHEZ] fHo]| IEEEREE AP o
714gshgA el Higt AR BaF w2 ASRE Husth Kataoka et al.(2015)% Y& AUo] CuAz H
DDAC(Dimethyl Dodecyl Ammonium Chloride)2 #2]3}1l, 71 FHol| 7159 4 B GAERE =43 & 10871¢Y
b A& ojupetr|All 2 A oA AAIGE AAWSA Al olA CuAzA 2l Aol MIEHERR SAFS o 1083=Y -
o FEAE AT 4 Us LR G 1G] ago] S Bagh vh 9tk 12y western redcedar 9] 714}
A3t YA E sl A e AXTE Atellas AdHst g4 aakes Jlgou AP A nj=e] o5t 714dst d4d
o] Aoy o] dslol= a7}t ¢ty R3¢ th(Stirling & Landry, 2016). Southern pine¥} Hemfiro]] CCAFA| 2
2|8 HRER) EHo vkt ERE AMESt RHA RS Al AT A 71 dSte] el 7 Bt A A2 4
AR BEYSA 27 Zutg gl HAE/AH Q] 9 RIEEYAHIo|9ithe ATHE HIsHA Qo) ALgE =
BEA ] AAeH =AY = Y4 Y-S A5 tH(Feist & Ross, 1995). 3| Ozgenc et al(2012) t}o|AZ2FF0 &
YA FYAREAE A2d B ®H UVELAE B2 o AuFollA 1 a7t Egou 2949l Y=gt
oAl MAHE /A3 28 A T7 A el LA gt Aol7t ME YIYSS B % 1 71 3Es WA A
7} T2 AAFEFITh E3F Natale & Vidal(2017)2 AH89] 484 2 884 IPBC9 Cypermethrin, CCB(Copper
Chromated Boron) 522 #2|% W= FHol| fAHAl & HQIE =45 AAISkaL Hebd Luiz Antonioo] A 87)4
7 AAUSFAAAEE AARE A3}, BE H2 AIF AN A 90%01/42] B7|Hst @ FHE o] IAYFAL, CCBA 2] Aof A
LA WA oL 2 G337t AGiTha Hasto] AA] BrlEo] S HEAT 71444t A BRIt 9Zo] AAHE
ok, Fa|- 5478k Al EEA| A Tanalith-E, Adolit-KDS % CCAE oriental beech & scots pined]| F¢ A &5kl
FHo|| FAdut At Zele-dRut A E BA ste] 67197t AR T RS AR AatoA &= EA o] vlsiA A
HOoZ APy Wopal, 11 FolA Tanalith-E2 Aejstal Fe|@denlyA]l =40 anrt £gttkay Huskgict
(Turkoglu et al., 2015). o}/fo] M viel Zo] BEQREA Fof Ly A7 22 sl e 4ol Ae4idol
U ol Qg 714 dst R aart g5 Qo a5 EE TFeHA] $2 §7] BEAEEA S Moy Ao A gt
Al 59 EAE H7IekA gow 714dst SR offks Aol AlAME|YlTH(Schauwecker ef al., 2009). Stiring &
Morris(2013) 52 A" G422 % FFoHA] Hartte] SAREAR A2E FAo] 73gstAddS FhA717] Hsh
SR A GA W A Aol 7]59] HALS(Hindered Amine Light Stabilizers) S AME-SF Z2|FE 9 B L=
HHEEERE vt A o 714ddst A gt Qiokal Bkl EEEAR AeE 529 2H HEE 9|8t
ul= A AARE Aol e T3k AtA o] 7| Z2ste] R W] 2Wnt EAA YR BH BHE 7L 7H55)
o, AL 274 FHERS ARSI A WA 22 SRR G EXshe Zlo|al, 1 ol F HAR WA
o HiEy AEA AHRQlE =28 A& dAstaL ¢ith(Knaebe, 2013).

¢

oL Ol

3. HHEZFo 2fst 7|dEst Ux|

T H=7(Surface coating) 7]/ 43} QAMESE EAHRHE HEsl=v] ul$- §-83 WO R A4E T Qe EASSE)
oA HHE ASTAEEZAGA EATAL JASSI8O| A= 95§ HAERE AMul-g3; EEuE R R JLE6k,
EwulE g Tug A (Film forming type)d} $H2 & (Penetrating finish type) 0.2 A|E3} 5131 Qlth(Shoubo, 2017).
A e @iol o3 Ao R ERWE wuk-E A5 wlie vl HA Eoko] HolA] ¢l BA4& Adrh
HdEE Q8 A a7 AA WHEEA vl vla) o] St EAS AUyt EdoliSo] EAEH H ol
olZ]9] 7|4 Es} ¥ B35 5O MRS Nds}y] o2l Fo] §le AL HilE §ltk(Shobu, 2017; Knaebe, 2013;
Rowel, 2013). 4412 A914 & 2 5 7AsklAesie ojng BAjo] Briuss g 485 ERegol weniy
g 9 HA7IAEY Sy AR IS0 iR o|tiRowell, 2005, 2013; Shoubo, 2017; Reinprecht & Panck, 2015; Evans
et al., 2016; Knaebe, 2013, Feist, 1983; Isaji, 2016; Park & Kim, 2013; Landry et al., 2013; Landry & Blanchet, 2012;
Grull et al., 2014).

2 PollA= 54 714443 HAE sl A =2t /d 3 (Film forming type)at 34513 (Penetrating finish type)o] =34
o 9 2o WA w53 vl ok sl el Aed.
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3.1 EvigAel BRI

Tul P49 FHEAL B uks FAJstel RHS HEshe Y9 Bl By Ao A EE ARE
E AJoFo] | Q] E(Paints), HFLA|(Varsnishes), 2t7HLacquers) 50| Wo| A&-ElthNejad & Cooper, 2017; Shoubo, 2017;
Knaebe, 2013; Rowell, 2005; Feist, 1983).

Eokg Aol Bol ASEE AQIEE AAE ek A9 Bl A AAS tehislE S UVAE)5S
JHAIE Bk A Beo] B ALMRARIE BALY B3750] AN 71488 HA7]k0) £ Tk A4
Adlo] 7153 AHLS 7= Ao Z d#A Ith(Nejad & Cooper, 2017; Rowell, 2005; Satas & Traction, 2001; Feist,
1983). Alzggo] BobA BERT HAE] 7% oliolx] oF 10WrH] Eofo] $X8 5 3, BEWE mupuck ) 4els)
WA E 2 HHEY S =9 BAE FAA S48 VA EIRIAERE B3Rt At Ag EasktHGrull
et al.,, 2014). §74 E= Y7|E FRIEE 7|EH R oY F71E Mavt THiE dgdo)a, e HRlEs 40
ookt ge A =29k BI1E 40| HErolthFeist, 1983, Bufkin & Wildman, 1980). £3] W= USDA 484 A4ka At
aofis PR eEEe B4 B H3E HRIERA oladAIRMEAE 7P gt ARE FHskAL Qi o] gHEATRIE
L UeRoR $71k 2BRE tEA B9HE s SAIIES FAS 571Rs A2 708l 9lrk(Knacbe, 2013;
Evans et al., 1996, Feist, 1983). o}Z A =7 9| Polyvinylidene fluoride(PVDF)E 7}5}t0] 7|4 st2 e thokst ¢4
B0 W BT anpl £4the Bil 5 ot 18RS 283 7139 BA 7] AFEY)E YtkLandry ef dl.,
2013; Landry & Blanchet, 2012). of=LHA| 22 4= o] A|3Hdo] Zslal A 71dE3EA] the S4CE 54 2HE S|
A8 Bt £3 ag Y| AEA o] & ARlol Yoy redwoodut western redcedar 58] ZAjol FHrE EAFEEC
ZEAHRRIE wEato g Amuhg 4= Qi) o] 22 @S WAl flote] 2R fAHRIE Rx2E T & ol dElAnRIE
B X FEFo| wuto] Avjs A& WAste] oF 159 o4t 3 B9 1S YBYSS A7% BaE% QlthKnacbe,
2013; Rowell, 2005; Williams et al., 1999).

FRIETC & g} 8 59| 7|83} AAES Aot Hdl= A, Erol F71&E 5 SARHY 713aspA 9
Lol He 585 ARt 59] A Heby 2 Alsloldd} 2 ESAEE S UVE E5otAY At ante Saad
of A== UV e 2115 Hdle= H7HIZ o8 4= St ol €82 5AE Yo o3t Y3i2Re Baaart Akl
HE Qe Park & Kim, 2013; Sharrock, 1990). ZLejU o]5 F7|3fsHeo] B4 A9 Mt BHE fA8tA} ks S22
et Egof AHE of A8k 58 EEE QI gkl A e A Al So|A Y] A Fo] WASto] ARgo] AgtE7| =
3Ith(Aloui ef al., 2007; Macleod et al., 1995; Singh & Dawson, 2003 HEL), o]2|3} o] G2 Z7]ER}e] EAS 7)Aste]
Ee oS 7heotA of7) Q13 Wikte] AstaEE A ve|A RS} Ee W} Zhgolth nlAlgt B7lE YRS
Ao RN 7o FrAdo] FokA AL Edbol 714Es} AjHdo] AXAN {714 UVEsAY HALSS} 5-53HAY B
22 UV aE Yeldtts d3dnEo] B gt Auclair ef al., 2011; Cristea et al., 2010; Liu et al., 2010; Yu
et al., 2010; Weichelt et al., 2010; Pinnell, 2000; George et al., 2005). Ozgenc et al.(2012)+= Scots pineX} European beecho]
mpo] 22430 2 YABIE TiO9} Triazine UVAE 3 T84 B AARE &, JFZAUFA LS 3 Aijol A mhol=
E4E0RE YA TiO 0] AFHsA|of 743 a7k $dvhal Hiskglth Zn0 E& TiOE YesEl 2 n|gaist
sto] =m0l EQ15to] black sprucedl] 2|3t Aatol A L35t 714G WA A7} ATkl B skglck(Salla ef al.,
2012; Cristea et al., 2010). E3t Co, Cr, Fe, Mn, Niz} Ti 59| F4£0]&1} acetylacetonate 20]22] E-3-4|¢] Metal
acetylacetonatesS A3t A3}, Ni, Mn, Ti, Fe acetylacetonates”} Co acetylacetonatesol] H|3j| AMAFHAlo| o &3}7} 7111,
Fe} Ni acetylacetonates+= 2] 1d3}o] 23}Ha3} wh-g-of oJa] 21 FABHE AA|sh= a3l7} g o] Blal] =t
B 3}YtHZhu & Evans, 2017). o] o= =utg g B FE of tris-resorcinol triazine derivatives[1-isoctyloxy carbonyl
ethylated 2,4,6,tris(2,4-hydroxyphenyl)1,3,5,triazine], triazine UVE&<A] U Benzotriazole UVESAISE 22314 Ex)o] FE
e TaA7]= Aol By v} Qlck(Schaller & Rogez, 2007; Hayoz et al., 2003)

Tuf PAY FUHEAS SARH =k P48 o] EARAE Haske Ayt 271 sHANE Ut =uto] ek A
U dhej@go] et =ur st HEE ol B A=-S 913t Fo} mubA AL} shA|A| 2o Alto] ARk F aH[E-E
wdo] qlrkar HaiE v §ltK(Shoubo, 2017). E5H 9313 Aol vle] F50} X Aal7t woba] duk AR Aejet
Hof| HJER LX5H FHHT7]|50| ¢ aFpzolgtar B3t thRowell, 2013; A E=E Singh & Dawson, 2003; Feist,
1990a; Feist, 1990b).

wRAle} 27let o) Egh wuke

oflt
ox

oft Hi
=]

@ 1o

Oxp

ox,
lo

3

ZE]

99§02 AGEL Ao] ohjolx] 1Yz 9lRe] AHgte =

S st AL
F29% ohslojA] BAEe] Zetiolh MAXE 2ol WAdktNejad & Cooper, 2017). TEo|E Baka1 2|50
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AMESHE A9 AAMTS FA8E7] 18l AREStaLAt B wjoll= UV FAIU oAl Eo] - § B 7 ARREY =
SHAUE AA HO 93} vHA] ail= AgHAolgk= HlEo] Wi (Macleod et al., 1995; Singh & Dawson, 2003). ©] Z-2
FHARS: WHAJ5l7] 95k W vy AU S71E =A4817] Aol HALS(Hindered Amine Light Stabilizer) T+ ZEAF &
F718kaS SAol AR gA 71493t RS Hote A7t k7] = H1th(Evans et al., 2016; Rowell, 2013;
Williams & Feist, 1985). Chang et al.(1998)-2 Taiwania A Ao HALS Tinuvin2922 A ]g]s}1, UVE<=A|Q] Tinuvinl 130
ExFL o A Al AlUA] ARt QIikal Bskglch ool = UVESAl W HALS= B8, 77159 #est
%7+&, polyethylene glycol(PEG), 37153t 415, HAY esterdlrt 7153t thoket WFE3ltaES 28-oto] £yt
Sug Y 714 Es A AYE ST B 7IEE0] o dFAEe] e HalE$ItHEvans ef al., 2016; Reinprecht
& Panek, 2015; Carola & Mariaenrica, 2014; Kiguchi ef al., 1997; Chang & Chou, 2000; Forsthuber & Grill, 2010; Pandey
& Chandrashekar, 2006; George et al., 2005, Schaller & Rogez, 2007; Hayoz et al., 2003; Rogez, 2002)

[e]
of EuE AR B 3t viE wol EHA] gL A=) golg £ o] glrk(Shoubo, 2017). T Y

ERZEA, deA 27, d5E Z3o SHEHAH| Ql(Semitransparent stains), 7]EF 3}8HEA
EAQ7HO 2o AEEHE JHo EAES EF3H(Nejad & Cooper, 2017; Shoubo, 2017; Knaebe, 2013; Rowell,
2005; Feist, 1983). AH|Ql2 2A B4, WHEEA, EFET A4 AHUCE Uyojth. EPAAH S Yia7]9
A7) SR Ee] Q71 SHARE YRtH o g MAE 23FelA] globA] UVEHRE 524 K35 fjeji= UVeHEAY uvaid
A 59 A7P7h BositkNejad & Cooper, 2017). “Lefuf WHEEAY AH QIS A7t o= A SaEo] QlojA BT HS
714 gste e HEsks At Qlo Ao ot 714dastE &5 WAs )= olfthe Halso] {ltk(Nejad &
Cooper, 2017; Rowell, 2005, Feist, 1988). Turkulin et al.(1997)2 Scots pine¥} Norway spruceol| =15 2] H|Ql1EQ} $H
O] MR A RS EASL A 9 JAFHTAAAE S At AatollA] dHEPAH QLY Lo MAE T3t FAES
ge) BARR] 71AREE Wastel UVERE B5HA) £RckL Sag o gtk Wae] Q7oA Aol 2o
MRS G4 AE 1S Aol mheh 7] Sht oF 2-SHA R 714 AT S LRIt Amold et al, 1992; Stirling
and Morris, 2013; Kiguchi et al., 1997). MAghGaFo] =& MFEHAH QIS UVERE KAy} 848 XAt 4]n] 4
O 7ste F29| ofFthEo] oA Aol o] MagkfaEe] Fasithal 4:715k3Ith(Nejad & Cooper, 2017
Knaebe, 2013). MAghfefo] ol =2 EFHRr AH QY A9, UVZE A9 A8 Abgkd ¥ of]el vhyAlL; HQIE
A Hojx= wubo] Zepgo|u vhej e WAYEkA] o= EAdS U Sick(Feist, 1983). §E AH Q1Y W4 752
Maaleg, SAae, HEA, B 9 2ol wxe S| ole] o3t Gao] AT o} QAFSo| HUs| FAE AeIAA
& A8ote] 71dgst Ao £ ARE ASithe AFAsE0] 27Utk Rowell, 2013; Feist, 1983; Bufkin &
Wildman, 1980; Feist & Mraz, 1980). AAI= WF-/do] et S o] B HolA LA EAEEAE Tt
AR WHAAH AL AGEA $A) HEUAHAS HEUL v WeeAlo] S4sto] T)akelst Aol ATHoleka
SHch(Knache, 2013), 53] £g40] $AUEAL 2707 ]5b0] WAle 2 St Aol 0EolAe) HE7HE FHA Aol
g 17 =ohal 5= o= 91l o] vl Polyvinylidene fluoride(PVDF) 5-2] 4=%], UV stabilizerst} &4 2%FA| &&
A7Vete] 71AEs A E Ho| e she AGEo| th E1E 3l QtkLandry ef al., 2013; Landry & Blanchet, 2012;
Kiguchi et al., 1997).

4. 3kshH JHE &2

Apol A 4708 71t A un olof chopet w Sl ATE Tk 2Alo] 5t A A2 E Axsle] 249l
AFRE ARAFCEA 5 Eolal 713gst tigt APALE wole AFs0] Rkl
Z, Methylation, acetylation 1= alkylation 53} 72 3}sta 7j2 A2 2l EA o] Hi=o] FAEOZHN H=A
A8 ARAIE ATk Qe Yol elg ZAEw el AR o] M AT} Sleks Aol thRowell e al., 2009;
Hill, 2006; Ohkoshi, 2002; Beckers et al., 1998; Kalnins, 1984). Acetyl3}2 213t 357171 10~20%H == A2 H
acetylStEA = =t B35 &9 W FHYA 5& AAA7)E a1V Qlth(Pandey & Pitman, 2002; Evans et al.,

=i
rE 2
toh
2
R=)
i
R
N
r2 o
ox
o
o mlo
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2000a; Plackett et al., 1992; Dunningham et al., 1992; Feist ef al., 1991 M=EF3). E3| acetyls}= 213t FFZ717}
20% ool E|W 7| dst2 RE EA7t HEE O] acetyld} A o] 714G WA AR o] FIFFro] AALE Yl
(Alfredsen et al., 2013). Ohkoshi et al.(2002)-2 acetyl3H=ZA 9] 7|AFA3}o| tfst AA-S 7WA5H7] $18l acetylst A &)<}
polyethylene glycol methacrylate | 2] & Eoot= Wils AlEste] SA19 M4Hst e 9 29 & 59 a7t Ao
il Hustglet o9 2ol Acetyldt A2l thokgh 3teh 24 FollA 7)F st digh Ado] vl e Fow
R glou, B77E 714z 2EHUS Y BHY acetyl7] 7} oS = WA FE3tALo] F7E = dAdo] LA
Stk Ha1E9] QltH(Gobakken & Westin, 2008; Evans ef al., 2000a). T} acetyld} sl 2}A o A HAY 3= 2 AbO]
Aol 24 ohEA BAA R AB1E FUHE BuE T, acetyldh Helh of9)] /| 4EAf 1wEE o) BAY£H )
Az} W sjdste] gk AR AA AN FAGT BDE o4 ool BT o 2 A7 a7 HkRowell
2013; Imamura, 1993; Kalnins, 1984).

o] H}of| succinic E+= proprionic §-<~&, phthalic 745, 532 vinyl ester, vinyl bnzoate 5= ARE5}0] esterd} A 2] (=4
3] Bhat et al., 2010; Murakami & Matsuda, 1990), benzyl3}4 2](Pandey & Chandrashekar, 2006; Evans et al., 2002;
Kiguchi, 1990), Styrene Y methylmethacrylate 52| %% 71535 WA, phenol formaldehyde resin 2 melamine
formaldehyde resin 59 S4& Ao FURS o F ARGolA] HAY] WA, Zety] 9l dof 9% g3t fe B3g
A+ HHEL B EQlth (Sudiyani ef al., 2001; V¢Ichera 1986; Pittman et al., 1992; Rapp & Peek, 1999; Hansmann
et al., 2006).

5. gz

A 7S FAR AejollA] 200T olAfe] 20 & 3~7AI7F A& EAj] Eejatshs] A4S sfxste] HAje] 2|4t
BT Y& M= HAHLE AP 5478 59 sholth(Esteves & Pereira, 2009). EA 2] 745117 of A
Ao Q% 3}8HA] MR BA 5 -OHY| AR Qlste] ag/do] S7I15te s SR Wan7t A4 1Y 450l
2 54| ltk(Nejad ef al., 2012; Petrissans et al., 2003). LU A2 5A9) 714G3tol| ozt Aol thsfjAl=
olg] 7HA] At A4 So] H1E 1 Q) Huang ef al.(2012) A 2| =42t stejeti, 7140l &= S48,
&, AT 2920 ARG Yo] HFAS e = A TOE APA7I7F F7ste]l Y Aol 571k Ruskglth Ayadi
et al(2003)7} Shi & Jiang(2011)> A ZHAE oA B At 7)) =EE S u A4 H3} 9 A o] FA 2o
H|3 A1, A. pullulans®} 72+ HAH0] HIx|o| = g7} Q= Ao & B U chFeist & Sell, 1987). Z12]1} Wolkenhauer
et al(2008) T} Awoyemi e al.(2009)& A E]o] 2|at 7|AFAsle| it AMET} Yo Bustgy, AR AT uEL
Haglo] va) EAAo] ATk B 1Ekith(Nejad et al., 2012; Petrié er al., 2007; Jamsi et al., 2000). &3] 2]3t Ashet
Troko= AtAUF£2LE] 7]7to] Aojdes Yre 2o s WstEQlal, HAJR3l Scots pine 7] 187]€7HS o} 73 Mow
Hstthrh 24719 e ARse o 2o HotE = dAbo] QIltkal HuskGit) Xing er al. (2015)= FA &A=
Shejetis, 714 =20 Z7]ole FA Aol Hsl 71 gstA /o] e U A7|H 2 71dEste] tigk Aol HES
Hushleh B3 AAdWs2d & FA542 MORE Z4astil, dxojs HAHY o= PRt Bt oot
(Tomak et al., 2014). AA|= A2 Aol gt @S BioA FAZEA7L BEEA o va] F4o] F2 B S
Huska glov AAR Bt A9 F53 o R JMStE: 7dEsr ST R EItk(Dubey et al,
2010; Nejad & Cooper, 2013). Nejad et al., 2017)= A 52 7L, HEEAHET} of 75 UVATAEAS Zd AA 9
ERE AN &40 Fasirtal Rkl

6. 28

8 71498t Qlak(weathering factors) 2] BAo] Bl HEE 93 4% 74371&9] AT Sl iste] 2 At
53 22 ARS A9rk
1. ZAHZH|(wood preservatives) 2 AFEE T2, 12 59| 27|3gtE0] EXE 7]AFYE SHweathering) 258 K58
5 e Ao® BuEgth Iy ACQY A%, Fel-amined T EE T AlslrE] 7t A4 Qg 2]lad Fo
s AFsH(photo-oxidation) #3] 7]%50] 9lout, YR alkyl ammonium3}3ER et AAdon oM HJEZo]
(penetration depth)7} Z7hE]o] 7|4 A3t WA E3k7t ofshE &= 9l Ao HuEgch
2. ACQA| 2] =A(treated wood with ACQ)2] EHo] waxL} il 24454 UV E44) 5o A7 =22 =457
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U, 24 W A5t Z(free radicals) Ao 7]%5°] 9+ HALS(Hindered Amine Light Stabilizers) 5& ZgIE
(precoating)d}H 7| AFE3t A AL 74ske o~ k. B E itk B E ) (treated wood with wood preservatives)
X0 S5 (opaque) =9 A(film-formation) 2] H|QUE/AH|Ql U HFEH AE| 2l (semi-transperent stain) 5= £A-
A P& o 71FgetA o et A|A At Erhe Biso] thgr Qleh B3 HEEA Y RHESE QI3
A= A 2(refinish)©] D.a/do] AJAFE ATt

713 EE AAREE EAEHS HEsket st Bw o RHEA At AVfEGITh FHIE, HY AL g9t 59
B R EARIAE A UVA] 7 Ael SIS QI e A el adelEe] S 1
goit). Eak £uAe] Eubo] UVHAE gk H7HERA] ul2ke] Zn0 Ei= TiOs, Co, Cr, Fe, Mn, NiZ} Ti 59
=4:0]-2, Tris-resorcinol triazine derivatives, triazine 2 Benzotriazole?}t -2 UVE LA o] a7|= Qi a+zlg 9
FHEA M= EFYAHIE A9 shEd = FYPAHQY Ffols FEY RHESE 8l EA, A,
UVHAIY UVARA] 59 H7bao] adh A= Yt

. Methylation, acetylation F+= alkylation 52} 22 3}5H4 714 A2]9] Aol ehd 4 A2 2 g 3571t
E2 A 71VEs R At AdsErte Asol 270U e acetyl3t £ A9, HAo Xhf8l= At
ofli=Zol| A FAGEY AFSHE FxIste] 7S] Aol ZA] P, A7 kEolAe ek A4 A
B9t mHo A EaEAY ojgE o] aaprt AstE Tk Bk glo] Hoh A3k A7t atEE AR 1ot

- GA Y EA Y 71Fdst Al teliile ol 4R ARt AR Eo] Sglth A EA = dA I
54 5 -OH7] A& Qlgto] agido] F7iste] U Wa/dsol 2 540 laL, e ARE AAmZol A FAj2]o
laf AfHste} mEE a7t Atk ik Yoy, T3 714 ddste] tigt Aol §lo] UVARMEE Ad =%
o] Hado] ZxH Hiurt glo] Bk AEgle A9 ool AAESIth
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