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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.
Opague 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 periodicaly 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 akylations have made some increases the effects of preventing westhering
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.
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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
even more than before as shown by the recent
establishment of <The Socia 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

over the previous years in terms of the number of
wooden houses that started to building in 2016 (The
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 weethering
deterioration (Kim et al.,, 2017). Discoloring was
considered to be the most frequent deterioration of
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wesathering, and there appeared some numerous splits
and cracks on the surface; and in the worst case, there
was interna 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 domedtic larch, and the atificidly 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). Paticularly, 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 westhering 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., 20033, 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

(Ngad et al., 2017; Shoubo, 2017; Tomak et al., 2014;
Rowdl, 2013). In addition, wood weethering 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 instalation of wooden parts,
and severa studies have proposed the repainting for
better maintenance (Ishikawa et al., 2017; Kataoka et
al., 2011a; Kataoka et al., 2011h).

This study aimed to analyze the research trends, by
a literature review, on various protection technologies
for the wood surface from weathering factors.
Specificaly, 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 et al., 2004). Since weathering of
wood is usudly caused by photochemical resctions 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 chemica components
of wood preservatives as a fungicide or insecticide dlow
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 aso pointed
out that the more absorption of wood preservatives and
the deeper penetration into the wood enhance protecting
ability from wesathering. Besides, various research
literatures have concerned about the wegethering 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 absorption, and those increases
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
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 dso been reported in Korea thet the treated
wood with water-borne wood preservatives, like CCA,
ACQ and CuAz showed less lignin decomposition than
untrested wood, as well as higher resistance to
westhering (Kim et al., 2003a, 2003b).

Archer & Preston (2006) introduced the westhering
inhibition effect of copper in wood preservatives, and
others also reported that, in case of ACQ, CuAz and
Cu-ehtanolamine, Cu -amine complex compounds had
a potential effect of preventing photo-oxidetion 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 akylammonium
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
(Ngad & Cooper, 2011). Therefore, coeting on the ACQ
treated wood would be required for enhancement of
the resstance to weathering (Tanczos & Schmidt, 2002;
Ekstedt, 2002; Worringham, 1994). Particularly, Hon
(2010) reported that free radica 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 permestion
depth. This again leads to the increase in the generdtion
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 dimensiond stability on the
wood surface, using hydrophobic additives like wax
or ail (Evans ¢ al., 2003; Evans et al., 2009; Zahora,
2000; Christy et al., 2005; Cui & Zahora, 2000, Ngad
& Cooper, 2010). Ngjad & 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-trested 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
oil-based and
water-based paint. Furthermore, compared to untrested
wood, CCA, ACQ and CuAz-trested 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

significant  differences  between

treated wood would reduce surface cracking by 30 to
40%, aso reducing the wesathering potential by surface
cracking. Sivrikaya et 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) aso
proclaimed through the natural weethering test on CuAz
and DDAC (Dimethyl Dodecyl Ammonium Chloride)-
trested Japanese cedar with the water-based & oil-based
paint on its surface for 108 months in Tsukuba, 1baraki
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 ressarches on coloring for preventing weethering
of western redcedar, discoloring was reduced, but the
occurrence of the dark spots, a typica symptom of
wesathering by microorganisms, were not improved
(Stirling & Landry, 2016). The most effective anti-
wesgthering 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
essntid for outdde use (Feig & Ross, 1995). Paticulaly,
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
permegtion in beech wood, indicating that the wesathering

protection effect of micronized copper preservative
differs by wood species. Furthermore, Natale & Vidal
(2017) coeted oil varnish and paint on the trested wood
with water-borne preservative [CCB (Copper Chromated
Boron)] and oil-borne preservative (IPBC &
Cypermethrin), and conducted a natural wegthering test
for eight months in Luiz Antonio, Brazil. The results
showed that over 90% brightness variation and surface
cracking in al 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 weethering.
Another natural wesathering 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 coa oil-based enamel, and for the second
coating, water repellent agent and semi-transparent
permesble 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 Architectura Ingtitute 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 opagque 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 undernesth the coating film, which
makes it difficult to detect westhering 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; , Isgi, 2016; Grull et al., 2014; Knaebe, 2013;
Park & Kim, 2013; Landry et 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

Coeting by forming film protects the surface of wood
by forming a film. Materiads used for film-forming

coating are al types of paints, varsnishes, and lacquers
(Negjad & 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 aso offers a wide
variety of colors to choose (Nejad & Cooper, 2017;
Rowdl, 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
wesathering protection effect with increasing of coating
film thickness (Grull et al., 2014). Oil-based or akyd
paint is basicaly a suspension containing inorganic
coloring agents in oil, and latex paint is a suspension
of various latex resin and inorganic coloring agents
(Khedker 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-repdlent 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 permeste out from the latex paint film. Some people
have tried to use oil-based paint coating as the primary
to prevent the extracts permesting, 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 aong 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 wesathering
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 naturd 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 metdlic oxide particles. Some studies report
that the use of fine inorganic particles can improves
the transparency of additives and protections effect from
wesathering, and thus to offer UV protection effects equa
to or better than organic UV absorbers or HALS (Audair
et al., 2011; Cristea et al., 2010; Liu et al., 2010; Yu
et al., 2010; Weichdt et al., 2010; Pinndl, 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 metalic 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 metas (Zhu & Evans, 2017). Besdes, there have
been other reports on reducing the photodecomposition
of wood by applying tris-resorcinol triazine derivatives
[1-isoctyloxy carbonyl ethylated 2,4,6tris (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 condgderably 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 remova 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 repelent
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 ill to be used in outdoors
to keep the natural color of wood, transparent paints
containing a UV gtabilizer or fungicide can be adapted,
but many studies have reported of the limited effects
on the weathering prevention for the surface (Rowell,
2013; Sngh & Dawnson, 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 wesathering 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 alow for esterification of
wood (Evans et al., 2016; Reinprecht & Panek, 2015;
Carola & Mariaenrica, 2014; Forsthuber & Girill, 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
aurface tissue, and it does not change the origind 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). Materias
used for the penetrating type coding are semitrangparent
stains including wood preservatives, water repellants,
and dye, and other chemical materials penetrated into
the structure of the wood surface (Negjad & Cooper,
2017; Shoubo, 2017; Knaebe, 2013; Rowdl, 2005). Stains
are largely divided into transparent, semitransparent, and
opague stains. Transparent stains may include nano-size
coloring agent, but generally, they do not contain
coloring agent, requiring the addition of UV gahilizers
or UV blockers to protect wood from UV (Negad &
Cooper, 2017). However, semitransparent stains contain
some coloring agent so that they protect the surface
of wood from wesathering, but they cannot completely
prevent weathering by UV (Nejad & Cooper, 2017,

Rowdl, 2005). Rowell (2005) introduced that, in natura
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 opposd to the paint with coloring agent. Some Sudies
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
wesathering protection effects from UV, but the wood's
naturd petterns and color is hidden, and thus, the amount
of coloring agent is considered to be important (Nejad
& Cooper, 2017, Knaebe, 2013). Opague stains with
high amount of coloring agent can not only block UV
amost 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
westhering was based on a stain system sufficiently
combining dl these factors (Rowel, 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 weethering
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 stahilizers or antimicrobia 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
wesathering. In other words, the chemical modifications
based on methylation, acetylation or akylation formed
quinone, which blocks phenolic hydroxyl groups and
improves the color stabilizations on the surface of wood
by light (Rowdl 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 wesathering, 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 wesathering 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 chemica 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 et 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

Hest trestment is one of the wood processng methods
aming to improve the dimensiona stability and
durability of wood by applying heat over 200°C for
three to seven hours without oxygen and modifying
its physical and chemica properties (Esteves & Pereirg,
2009). The reduction of -OH in wood due to the chemicd
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 excelent surface performance (Ngad et al., 2012,
Petrissans et al., 2003). But there are severd contradicting
research results on the heat-treated wood's resistance
to westhering. Huang et al. (2012) reported that when
the hesat-treated wood was exposed to the wegther, 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 thet, when exposad 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 wesathering
prevention by hest treatments and some studies reported
that coating performance decreased compared to
unheated wood (Nejad et al., 2012; Petri¢ et al., 2007;
Jamsa ¢ al., 2000). Colors of the heat-treated ash wood
and iroko wood changed to bright diver as the duration
of the naturd wesathering test increased, and hest-treated
Scots pine changed to a darker color for the first 18
months, and to slver 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 wesather, 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 et
al.,, 2014). Even though the studies on hest-trested wood
reported that it had lower absorptiveness than
preservative treated wood, but the hegt-treated woods
had an amost smilar level of weathering deterioration,
compared to unheated wood (Dubey et al., 2010; Negad
& 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
wesathering.

2. Precoating with hydrophobic substances such as
wax and ail, UV absorbers, and HALS (Hindered Amine
Light Stabilizers) enhances weathering resistance on

the surface of ACQ-treated wood.

3. Opague coatings of pant/stains and
semitrangparent stains on the surface of preservative
trested wood can increase synergy effects on prevention
of weathering deterioration.

4. The need for repainting periodicaly 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 trisresorcinol 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 akylations have increased the effect of
preventing westhering with the increasing weight gain
of chemical formulas.

7. In hest-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

a0 & FANAE o] AMEHE SAE FAIARRE HEsly] o8 AYHL gl 22 Aol tel 2AF
At 8 714 Es} (AR E 5o 2 BIE Q3 A Sl tiste] 2ARE A vt 22 2ES .
SAREAZ A TE, 72 5o FIkEe] BAE TGSt RRE Bod 4 Qe ACR HilE]lrh Bk ACQAE
EA49] H waxt} oil 2 A4 EAT UV &4, HALS(Hindered Amine Light Stabilizers) 5-& 554 EH
precoatingstl 7145t AL Foke ok WREYLh Eak R Byle] BEY mugAe] selE/Anel
W yREE A l5o] FldshA o det AR B3k §34 ek BuSel oy Ygich Ek WREA) Fun s g
A A A2le) HaAdo] AAE Ik A o] UVHIAIE 93t 7k A vAId#ke] ZnO E+= Tio,, Co, Cr,
Fe, Mn, Niz} Ti 5-9] F40]2, Trisrtesorcina triazine derivatives, triazine @ Benzotriazole®} 22 UVE4A] 50| 271% %
t}. Methylation, acetylation <= dkyldion 52t o] slsta o2 AAE Heoll= ol A FHFF7E 22 4F 713 2st
A EI7L sdrhe datso] 7= SRS 7173 Est A dsiAe o2 7] utEe dEA 5o
AL, UWVARYE AW &4e] daio] g Ruvt qlo] Brt A% Y A9 Fao] AAbE gt

1. M
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Forest Service, Rregulation 2016-2). 3 A%A|¢] £77]0 B7511 20164 B2%d A3E47E AW ool 12964
AR 5 A4 02 2 47982 5 9riThe Koreawood newspeper, 2017). olsk 22 AgjollAl, 20174 o] 13}
L5250 B Ruke BaRe, 2808 o QFEA] WA 7GR thal ZARE As 2ARY R ogR
Aol TR 7GR AR S-S BISHIEHKIm et al, 2017). 7148 WA Sl st b Betal, Evl
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R ohyzh I 99 Ao AE B 7144Es WAl Bre A oA oJFE HAjof HhEA] 7] Est R HoE
+ Qe A7h S8 thRojAok sk ARl AAMEGITHKIm e dl., 2017). 53] 5A49] 714 dste] wet 2o A-s
(Kim, 2017)0]u}, =) 7oA €] 714 gste] theh AR ale th Alen o523 w19 A 9 A& st 5o Adts
Btk vf QIcQi e al., 2016; Kim et al., 2009).

) 7)ol FaFole A Rkl W T AT FFoll oo, UVEHIR, 7RAEAT 2 Sl 2AL A2,
5, 4, T EE, v £ nAHX|, njAdE 59 AogE HuESQIHKim, 2017; Qi e al., 2016; Rowell, 2013,
Kim et al., 20033, 2003h). o|5 AAEE Qlsf WAsH= 7|/ FEete e SRS Z5sl] I3t ohaket UA]7]sol et
AE0] A% ATH(Ngad & Cooper, 2017; Shoubo, 2017; Nead, 2015; Rowel, 2013). Zj9] 7|4 &3} x| 7|42 iy,
S8 A s 5o d3RIAE AT 4= Y AR RURTE S5k S (coding), FAEEA] W A9 YA
g], glst4 74 A2 9 dA 2] Solti(Ngad et al., 2017; Shoubo, 2017; Tomak et al., 2014; Rowell, 2013). F3F AAFH 3}
2 R ARS T2 JAY 71EEE 27 #AE~29 Ao FAE] Uehthe Aol o] EHEEA Y AFS
EARA A A5l Algsts Bo] drbAola, fATe AHolA A o] HHE AFEE vhe EuE qth(Ishikawa
e al., 2017, Kataoka ¢t al., 2011a; Kataoka et al., 2011b).

& T 2 ARS Foto] 2ol 8 71 Est AR E SA19 Y B E 9%t 4% HEVeY AT 53l

al
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Hste] 24 B4} Bk Sk S8 BANEAL AR B4, BANEA YR §Y A 2 714t
AR FUE e EUAE, B Alnl4 obrhe §4 W /4ds e BRe ) St 48 ArHIs 24714,
314 Y Aol % a4el ol gl FESR o) e @7 ST PEskck

2. 2XHEEN| 2|

2.1, BAREA Ao 7|4As} WA 54
Bo BAwEAE FAs YA Rk Begol) BAjsgel o de|RiE BAE BEsle] 2| Ao A AAL
of AHSE 27he BAoR BAH el ASEL oFiloltHKIm e al., 2004). BA|9] F|Adsks 2 mu el
L 228 Eo) 4Ro| Woj ojg BBt wheon WAEY| tie] BAREA] A2l AeHT} S0 st
TSR e BAE s BT 4k Gl A9 Bk Te £ BAo) dENEe 202 A s B RE
o A9t £ 59 71393 e ng S At HAYLE PRY A9IT TN YATAE e

Aom HIAED Yk £ Fol WS BHoR ALEE AREA)L ZAAse] Gk Uehls dTRaS
dhato] s,
BAREAR AL L3R E0] YN BARES AolHo] ot st ie REE 4 Uk 475 cRowel,

2013). Feistse} Williams(1991) Southern pineo]] CCA(Chromated Coper Arsenate) S A 2|32 off 7|43t Whx| a7}
L, CCAE 7k A efet 49, Holwt Ex A2 3% firc) 7[ddate) &7t o =eA AYE 3 Harshas oFA9
Baago] B, AR 2 A9 J14dst W] EIph o Arks 212 ANt Ik o 9ol CCA BRI} 7Akde

vz £7ME Vel Ao dialk thokek £-31S(Nejad & Cooper, 2011; Willian & Feist, 1985; Hon & Chang, 1985; Evans
t dl. 1992)0] Gli=e], OCAS] otk #7143} ) fatol i § 2715 il 54 Aol ellah gl
Eo B89 2352 (chromae ester) S FAT O A T4Ao] ZHaE o] AAS Z7HA17)1, AFAHATSLE Ajlsts AL
2 HuEQckBull, 2001; Evans and Schmalzl, 1989, Evans et al., 1994; Pizzi, 1980; Chang et al., 1982). £3] A&
353t CCA A7 =47} ACQ(Alkaline Copper Quat.) E+= CuAz(Copper Azole) 2 2% ZExjof H|s|jA Eof thst
HaeAdo] fpsithal BFYAL o] 2 Qe CCA Aej5A9] 7]1/44st Wao] ACQ E+ CuAzx e Ao Hls A vehg
% 9)go] AAkEL v} glrk(Nejad & Cooper, 2011). o A% CCA, ACQ % CUAZZ} 22 484 B ZA|R H2)H
R oA 2ld Ea7E FA 2ol vla) At A or AGiu, 71 gdste] digt A% A Vet ARt ot
(Kim et al., 2003, 2003b)

Archer & Pregon(2006)-> 2|7 SAEEA oA Fel ol gt Aol =) o3t 71/ Het A AdanE 2786k,
B} A5l 95k HaoA ACQ, CuAz ¥ +ej-ehtanolamine?] 7%, tel-aminez3lels = Alslte|7} AFej Ao
Ofgt g1 59 BAE A3) 7he/do] glolA, FA ol HlshA 714 Est A7 5] e HarskgltiShoubo, 2017; Nead,
2015; Zhang et al., 2009; Timiz e al., 2005; Grdier e al., 2000; Cornfidld et al., 1994; Liu et al., 1994). 1L} A3 ol A

ZQ8 BAREAZ THEE= ACQ= %lal —‘ﬂrJ} 317 Alkylammonium compoundsg: 3£sHsl=t]| o] 79 Alkyl ammoniumsls}
£2 Qg A50] BAkE BEAIA o] ARl AX7] ulRe] BAmuo] 2ol Aol F7hEE S4E At
(Nejad & Cooper, 2011) o= <lgf| Hlof 4?& 214 59 FAsRESe] FXEo] 7)44Est YR ant ofskd 4 Qe AeR
Upeksteh. aebA] Aestol] digt ARty Aeke el ® o 3gAe S0 237k aqse Aoz B ugirtkTazos
& Schmidt, 2002; Ekstedt, 2002, Worringham, 1994). 53], Hon(2010)2 2kej Azt SA)/d 8] whg-oz WAsh= Afefr| o]
FRo2 oda) F7MES Basiw, G499 Bo| BAwwel o o] WRsiol A BEE fESIT, AR Al WELolR
ZoAAN At ol kA1 BAEHe) Jldskt Hek 2 WEe 9le] B Busidth. & BAEHS
7V4EstE R HEsly] YeiMe AT 5x) R o] FAo AlojEojok jhe ZE38IGiTh

2.2, BEAQHEA ii?% ER o =AY

ACQA 5 Y] A4S Agtelr] 91gh thfet A Eo] Sledl, HEAT ¥, waxt) ol g2 &5 4-7HAE AF
Foto] Ao W é% Fojsto] Z4=etg o] FFA7I= Rl olcH(Evans et al., 2003; Evans et al., 2009; Zahora,
2000; Christy et al., 2005; Cui & Zahora, 2000, Ngjad & Cooper, 2010). Ngjad & Cooper(2011)+= CCA, ACQ ¥ CuAz
2 Aeeh R uA Belo] gofst ERE wRste] AAUTANTLS U ANekT, 44, s, BREd 5
o] el 2ARRE A3}, S22 ACQ 9 CuAzA| 2|4 7F CCAA B A Het 7] Lehdal, CCAXE Ao = A ER
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7¢ f/gdo) vlsf HraAdo] £9to, ACQ 2 CUAZA B Aol M= A4 2 SAER 7§23 Aol Holx| ghgitial Bl
skt & el A CCA, ACQ ¥ CuAzA 2|Aj= FA 2ol vlsl MAAHs7L ¢l oy sHsrdS FA et A2 47t
of §-9& ztol7t ¢l FEEA ] FHEAS ot FHTE TS 30~40%Y = TaAA EH

Mol ZASS Hastqth Svrikaya et al.(2017)2 CuAzz AZd WHEA)] fHo]| IEEEREE AP o
713gsbA el digk AYA 83t w2 SR Buskqty. Kaaoka et al.(2015)% Y& 4RO CuAz %
DDAC(Dimethyl Dodecyl Ammonium Chloride)2 X &]s}t1, 1 Edo| Z+£9] 44 B SAEEE T3 T 1087)Y
b Y& ojupetr|All 2T Ao A AAIGE AHAWSA] Aol CuAzA 2l Aol MIEHERR EAFS o 1084%=9 A
o BHAES FAT 4 UL AR g 7148eA o] J&S B gk vb 9lr}. v western redoedar ) 7]/
3} A E el AYAEG-S AAISE AtellAs AAgHSE A Gaks Qlolou A Al n|AEe| 9t 714 Est |4t
o] A2Murd ol Asloll= b} ity R ustgdch(Stirling & Landry, 2016). Southern pined} Hemfiro] CCAFA| 2
AejE JRER) FH| thofel R RE ARESte] EHA S AlFATA 7)4daste] dial 7 B3kt 9 AL oA
8] AR BEYsA 27 murg Aol FRIE/AE]Q] W SRR A lo|Qth= S HstHA QR AHEEE
Rl AAs 2 e YA US AFotri(Fest & Ross 1995). 53] Ozgenc e al.(2012)& nfo]| A2 45207
Pkt FeAREAE A2t 54 HA UVESAE X3S i AupRolA 11 a7t $4ou S¢4¢l et
ol Me MARRHY AT 28 A&7 A 2L} A2t Zol7t MR JSE Ras) =% 7t 7|4 Est WA ayt
7} T2 Akt E3 Nade & Vidd(2017) AHeo] 284 2 984 IPBC?} Cypermethrin, CCB(Copper
Chromated Boron) 5258 2|8 WHa4 o] 48U Al 2 #IE =42 AAJstaL Hebd Luiz Antonioo]| 4] 8714
1 AAUSEAAAEE AR 23}, BE H2 AIE A A 90%e)/4de] B7|Hs W FHE o] HAYF AL, CCBA Aol A
st HAR 9} T F3br) Aglokal Barsto] HA] fr|Eo] shiE HEAZF 7149t A ATt 5ol AJALE]
Qlck. Fa|-5A7|uke] Al REA 24 Tandith-E, Adolit-KDS % CCAE oriental beech & scots pinedl| ¢ A &5t
FHo|| FAdutA et Ze|e-dRut Al E BAA Este] 67097t AA T RS AR Aato AT BA o] vls|A XA
Hog MAAASIL Weka, O FoA Tendith-ER AZjstil ZejehutyAl &ao] Ayt Evtal Basiglc
(Turkoglu et al., 2015). o]4oll A<H vtel Zo] ZAREA Fof Feu 73 22 AR U F9ole Aol
U ol Qg 714 dst A aavt g5 Qo a5 EE TFeHA] 32 §7] BAEEAES Moy ZoA gt
A T4 E8E HbekA god 74ddst WA offHoks Aol AJARE $ltk(Schauwecker et al., 2009). Stiring &
Morrig2013)5-2 ol 54545 ShohA] SrA7|9e] EREAE 2| S 7|43t ddE SHAIZ7] H6l
FNALAGFA D Az Aol 7159 HALS(Hindered Amine Light Stabilizers)E A3t 2|2 E Wl B =
NERERR ot A uf 7)/dast B anprt glota B usigith. EEEAR HeE EXY ¥H B3 E $I5to]
vl=r AFEA AR AT Aol M = 7] A ate]| 7|2t HHEEA | 2dnttt JEFH R FH BHE 7} 7hs5t
I, AL 274 FHES ARSI A WA 22 SRR G EXshe Zlo)al, 1 ol F HAR WA
o rEY HEAY AHQAE =X AL AL qth(Knaebe, 2013).

gd= Qg 7]ddst

3. ZHEFE 2

T A (Surfece coating) 71443t QAR EH EARHS BEsk=t] w83 i oR AvfEa glrt. dEA%3}
3)oflA] e ASFTAREAIFA EFFAF JASSI8oA = 9§ EAERE g} SEEYHIE R R RS,
HEYuiE 2= Zukg A (FIm forming type)D} 338 (Penetrating finish type) &2 &3} 3131 ¢lth(Shoubo, 2017).
AU dmo] o3t Mo g ERHE wuby YJAIok] wlio] viEe A o] Kol g §A4E Adrh
HER Q3| A AdaTTt AX BEERA vl vls] Wdo] 9=t EAE AUy EdtoljEo] BEajEd Mol
o]#]9] 7| 4gst 9 BI 5o WA RE Aths}y| o# Hol ¢l= ALRE HIEI 9 ri(Shobu, 2017; Knaebe, 2013;
Rowell, 2013). AA|2 AejH 9 & 5 714 E3RIAERE 58 ZA9] FHRT S 98 285 FHEA o= Egnid
Eg 9 AVAEY Sy AR S| iR o|ci(Rowel, 2005, 2013; Shoubo, 2017; Reinprecht & Panck, 2015; Evans
et al., 2016; Knaebe, 2013, Feist, 1983; Isgji, 2016; Park & Kim, 2013; Landry et al., 2013; Landry & Blanchet, 2012;
Grull e al., 2014).

2 PollA= 5 714443 HAE sl At =2t /Ad P (RIm forming type)zt 313 (Penetrating finish type) 9] =34
g @ 2] 7 Bn 3 IHE o Atsael dsl Aedith

re

Tleest gx|
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o

3.1 =UgAY] #HEd

Tuh PO RHEAL EAEHY Buhs FAst] RHS Hosle U2 mAorh Rug g Bl AR RES
E AfoFo] H| QI E(Paints), HILA|(Varsnishes), &7HLacquers) 50| Wo| A&-Elthi(Ngad & Cooper, 2017; Shoubo, 2017,
Knaebe, 2013; Rowdl, 2005; Feist, 1983).

S wAo] 53] AMgEE AL AAAE GRSHe 297t Beu] AL A ekl Sha UVA7]S2
FAI7NE Fhek. AR Fepo] 248 AJMRAEEE BATH BE7)5o] AN 714As B o] 3 thaFe A4
Aelo] 7Hs3 AHE 7HAE ez 4 i Ndad & Cooper, 2017; Rowell, 2005; Sates & Traction, 2001; Fet,
1963). A 4gkpo] b BEWT 2l A9 oRolA of 108717 Euto] AT S 9L, BEWG weprct 71 pdst
WA B 2 HHEY SAA =9 BAE FAA S48 VA EIRIAERE B a it A Ag ZasgciGrl
e al, 2014). §4 E= 7| FRIEE 7EH R 2 Yo FIE Mart TiE dgdo]n, e HRlEs 408
cheret Sl A R]eF 175 Mao] detlo|th(Fed, 1983, Bufkin & Wildman, 1980). £3] njs USDA AHA dAHE A+
aoXe R leFte BA] Y HTg HAERA o ZYAYEAS 7P 943 ARE FH1L Qi o] ZEAHIE
£ UPH0 R F7)e 25 e A B9 7 AATERIEY WS 5718k 2SR 278kl Jri(Knaebe, 2013,
Evans e al., 1996, Feigt, 1983). o324 =& of Polyvinylidene fluoride(PVDF) & H7}ste] 7| Est2 2 thofst A4
B0 W BT anpl £4the Bil 5 ot 18RS 289 713 gs WA 7] AFE7]E FtkLandry et al.,
2013, Lendry & Blanchet, 2012). ol HA L@ xl= Sdlo] AHdo] Zstal gA 713 hetE]A] = 5402 B FUE T
A3 Bt £33 agYf AEA o] & Aol Yoy redwoodut western redeedar 58] Sl FHrE 84 FEECl
SEATQIE F=uro 2 AuLhg 4= Qi o] 22 AL WAel7] flsto] 2R {AHIIE E25 3§ ojm e ARIE
B ExE 2EE0] ol Avjs AL WAste] oF 159 o W =0 S UESS AVieh HaEE itiKnaebe,
2013; Rowell, 2005; Williams et al., 1999).

FRIETS & FHl 8 59| 714493 RS Aofoh] Hohe B4, ERrol F71& 5 SAERY 713 spA| 9
Lol He 585 ARt 59] A Heby 2 Algoldd} 2 ESAEE S UVE E5otAY At ante saad
of A== WV e 2115 Hdle H7HIZ o]8E 4= St ol €42 5AE do o3t Y32 RE B3 airt Acha
HIE Qe Pak & Kim, 2013; Sharrock, 1990). “Leju o5 F7|3fshao] B4 A9 Mt BHE fA8taA} ok S22
et ol AME of A8Hd 5o EEE Qg gkl A e Al Eo|A Y] A Fo] WAYsto] ARgo] AE7| =
SFHAloui et al., 2007; Madeod et al., 1995; Singh & Dawson, 2003 NE=H). o]2gt o]-g&2 7| E59A1e] EAL: 7jAlste]
Ee 2oy dE 7he oA ob7] 913 Wikte] AdtaEE YA nte|A RS} ®e vk} Zhgolth ulAlgt B71E YRS
AT B A H7HEY] FEAo] oA AL mute] 71FEs}t Aol AXA f71A UVESAIU HALSS} 5551 T
22 v atE Yeldths d34nEo] BaEQltiAudar et al., 2011; Cristea ¢ al., 2010; Liu ¢ al., 2010; Yu
e al., 2010; Weichdt et al., 2010; Pinndl, 2000; George et al., 2005). Ozgenc &t al.(2012)+= Scots pinex} European bescho]
mpolA2 40 2 YRS TIOS} Triazine UVAE 33 A s AARE &, JIFEAUFAEE 3 Aujol A mhol=
EFEOE YA TiO0] AFHsA o 73 a7k $dvhal Hastglt ZnO E& TiOE YesEl 2 n|gaist
sto] AR E41sto] black sprucedl] A 2|3t ZAato A L35t 714 gst WA a vt QSickal Buskgici(Sdlaet al.,
2012; Crigtea et al., 2010). ¥3t Co, Cr, Fe, Mn, NiZ} Ti 59| 240|231} acetylacetonate 30|22 231421 Metd
acetylacetonates= AHE-+ 27}, Ni, Mn, Ti, Fe acetylacetonates”} Co acetylacetonatesol] B M/fetg dol o azp7}h 7,
Feil} Ni acetylacetonates 2|1 70| 2513-E3F wEgol o3) 2l1d FAreHE Aok A7t g S50 Hls) w4tk
B3t (Zhu & Evans, 2017). o] dho|= =2 Ale E g of trisresorcinol triazine derivatives 1-isoctyloxy carbonyl
ethylated 2,4,6,tris(2,4-hydroxyphenyl)1,3,5 triazing], triazine UV&<=4] 4 Benzotriazole UV &5A1E 22314 Ex)o] F&
e a7 Aifso] Ry v} ¢lci(Schaler & Rogez, 2007; Hayoz et al., 2003)

Tuf PAY FHEAS SARH =k P8 o] EARAE Heske Ayt A1 sHANE Ut =uto] Ak A
U de@go] et =ur st HEE woll B A=At-S 913 Ho} =ubA AL} shA|A| 2o AlZto] ARk F AH[E-E]
wdo] Qlrkar HarE vh gltk(Shoubo, 2017). E5F $HRIE Aol vle] Fo} Xt Aalrt woba] Ak AR A 2et
Hof| HJER Lx5}H FHHT7|50| ¢ aFpzolztal st Rowel, 2013; II=E Singh & Dawson, 2003; Fedt,
1990a; Feist, 1990b).

vh Ao} @71of o] £E EuRS FASHE 24 oRgoR A8 EE Fo] ohfolx Iojm o] g w4
F 24 QhElojA] BRI Zeblolut AR L Agto] WAITHNGad & Cooper, 2017). Lo B8l ool
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A8 =R AAMTS FAI8E] 1ol ARESELAL B Hloll= UV SHAIY gt ofAlGol T B =R ARE Y=
SEARE A Y G3t A At AR olete HiEso] Yrh(Macleod et al., 1995; Singh & Dawson, 2003). o] 22
A TR ffste] Fget siUAIU g7 24617 Aol HALS(Hindered Amine Light Stabilizer) E+ ZLg4F &
F718HES SAol AR ez A 714493 WAE Hote A7t HaE]y] = selth(Evans e al., 2016; Rowell, 2013;
Williams & Feigt, 1985). Chang et al.(1998)2 Taiwania AA]ofl HALS Tinwin2922 #]2|8ka, UVE4=A4]9] Tinwinl130S
ZxFE o A Al AlUA] At Itk Buskglch ool UVESA] W HALS: &, 77159 #est
%7+=, polyethylene glycol(PEG), 87153t 415, w419 ederdlrt 7ha3h thokdt BafEsdass 28oto] B9e
Sug Y 714dEs R AYE ST B 7IeEel o dFAEe] s HauEglriEvans ¢ al., 2016, Reinprecht
& Panek, 2015; Carola & Mariaenrica, 2014; Kiguchi ¢ al., 1997; Chang & Chou, 2000; Forsthuber & Grill, 2010; Pandey
& Chandrashekar, 2006; George et al., 2005, Schaler & Rogez, 2007; Hayoz et al., 2003; Rogez, 2002)

w0
o
b
oo
1
ol

N o ol
rlo
Bl

-

o
g
ot

|

o
i)

ArHo] Lg27} JEsto] uto] LA Y= O R A7t 7HA & AR-4] /o] Hol WskA|
F 430 vl B Ranpyt won =Aans yefs 77E ZAR 5" 530

of Pt gl g3t HEE woll HA) ¢ar AEAo] folgk EAJo] glt(Shoubo, 2017). F31E 9
of AHSElE AL HAREA, FeA T, GRS XS TR AH QI (Semitransparent stains), 7| el 28k
A EHO 220 AEFL Fgo] BAEL Z3slth(Ngad & Cooper, 2017; Shoubo, 2017; Knaegbe, 2013; Rowell,
2005, Feist, 1983). 2H|¢1> A F4, BB, 259 A 2HUCE Ui|ojdt. FPAAAH L Yea7]9
A7} R Ee] Q71 SHARE gRtA o s MAE 23FelA] globk UVEHEE 524 K35 fjejA= UVeHEAY Uvaid
Al 59 717+ 12 5lehNejad & Cooper, 2017). ZLeju ¥FEEA AH|Qle Mavt o A 3HgEo} QlojA] BATHS
714 gste e HEsks ARt o A ot 714dgstE ¢4 s] WA= olfthe Halso] Slth(Nejad &
Cooper, 2017; Rowell, 2005, Feidt, 1988). Turkulin et al.(1997)-2 Scots pineZ} Norway spruceo] =213 o] HQ1E 9} 31213
O] MR AH RS EAStL A 9 AFHTAAAE S At AatolA] R AH QLY Lo MAaE T3 FHAES
g SAxd 714493t skl UVRERE HIER ZFcta Hugh up glok. @R A-tofA Maghgo] A2
SRR AL S Ao whet th27] skt oF 253 =9 714 AStA S Ve St (Amald e al., 1992; Stirling
and Morris, 2013; Kiguchi e al., 1997). A43h38o] =0 vkEm AgQle UVERE B3 a7} H4ls] AX| A Aoz
o2 7]jshe Bele] ofgrhgo] oA Aol 9lo] MaghirFol Fastrta 47)ek9lrNegad & Cooper, 2017;
Kneebe, 2013). Aagh-f5fo] off &2 BEFPT 2819 A9, UVZE A9 edstA apdkd i ofue} vy AL FQIE
A Hojz = wubof Zepglolut vhee WAeHA] o= §AS UE sitk(Feigt, 1983). T3 E 2EYUY WA 7152
AT, AR, BEA, TeA 2 A B2 5O Rk o3t ko] Al o]F JRFEo] A FAAE A IAA
& A8ote] 714gst WAo] £ ARE ASitke AFAnEo] 2/t (Rowell, 2013; Feist, 1983; Bufkin &
Wildmen, 1980; Feist & Mraz, 1980). AA|Z U+L4g0o] o BAE o] B2 oA ApAet RAHREAE i3t
AP Y YA AH S AMESHAY 49 BHEERAH LS A83s of o] S4etto] 714ds} Ao anpaoletn
Qrth(Knaebe, 2013). 53] 2449 AU A 718E9] W9 22 oA Lol 0ol HEZE 7H A=Y
W 17 =ohal 5= o= 9l o] ol Polyvinylidene fluoride(PVDF) 59 %], UV sabilizerstt &4 %FA &2
A7rste] 71443t WAE Haprle st Atsol thg B glok(Landry et al., 2013; Landry & Blanchet, 2012,
Kiguchi et al., 1997).

I =T

A

ox, oX o
Hi
=

o

jeX
=2
o

-+

g
H ol
o3l
o

ot Hd 2 &2
{2

4. 3tshH JHE &2

ool A aZfE 71 FAst Al W 9foll thRt WSl AE . Sl BekA A AP E AAlste] 529
Apde g o2 s st mhE A4S 2olal 718ste dizh AL wole ds0] HaEinh
= o 3

Z, Methylation, acetylation = alkylation 531} Z-& 3}3t2 72 A2 o8 EAo] Fi=o] FAHOEHN H&A
A7 S AP 7= BaE Qe Hof g3t Hafz ] Mot do] Hamt ok Aolth(Rowell et al., 2009;
Hill, 2006; Ohkoshi, 2002; Beckers et al., 1998; Kanins, 1984). Acetyl3}& Q13 22717} 10~20%A =& A 2|5
& 7HAaA7|= &3} Q)ch(Pandey & Pitman, 2002; Evans et al.,

acetyl SHE A =3kd) Has B W EWYA

ofrt
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2000a; Plackett et al., 1992; Dunningham et al., 1992; Feidt et al., 1991 A= EE3F), E3] acetyl3} &2 213t FeZ=717}
20% o]Afo] HW 7AHstE Y HA7F REHo| acetyldt A o] 71FEE WA AT ] FRFFo] AAME S
(Alfredsen et al., 2013). Ohkoshi et al.(2002)2: acetyl3H= 9] 7|4t stol] Tjgt AL 7HAlet7] $13) acetylsh A 2ot
polyethylene glycol methecrylate| 22 #taiz WS Alwsto] Baje] Mzt 74 0 2l 2 59| 747} Aotk
T Baskgh o]} Zo| Acetylst Heli chapal sfet 44 Fol A Z| 4 ete] et Agel vy $4et Aoz
Huga Qo A717 71z & H e e EHY acetyl7]7) ofFEHA FAE o] S7hEE BAdol WA
gthe Halso] 9tk (Gobakken & Westin, 2008; Evans et al., 20008). B -1} acetyl3} sh= I} ofl A st At
Aol ZfotdA SRS 4SS SAETe Bk 9la, acetylst A 2|7} ofl9] 7]kl k5 o 522 Y
gt 9 7)FEstel i ARAAS A AASHA R Bk thg Qlo} FE o 22 A7 a7 E o (Rowell,
2013; Imamura, 1993; Kanins, 1984).

o] Hto] succinic E+= proprionic &, phthdlic 78, W3k vinyl eder, vinyl bnzoate 55 AN eserdiA (=S
3] Bhat et al., 2010; Murakami & Matsuda, 1990), benzyl3}4 2](Pandey & Chandrashekar, 2006; Evans et al., 2002;
Kiguchi, 1990), Styrene 2 methylmethacrylate 52 %3t 7153t @34, phenol formadehyde resn @ meamine
formaldehyde resin 59 B2 Zajo] S u) 23t AFgolA] BAfe] W, 2ok L of gt AR e wEH
4 9l WER BuEgrh (Sudiyani et al., 2001; V' Ichera 1986; Pittman e al., 1992; Rapp & Peek, 1999; Hansmann
et al., 2006).

5. gz

A 2|72 Faka Ao 200C o]4ke] 202 3~7A7F A2 EAje] Eelaleta] AL fzste] Fa)o] A4t
A4 WAL AN = HH LR AgEs EX7R 9] sho|th(Esteves & Pereira, 2009). E A 2] 7Hg-ak4 o] A
1202 QI3 33y WstE EAf 5 -OH7| #AR Qlste] agpido] 37102 EARHO] Wit A4 W] 450]
=& £40] 3lth(Nejad et al., 2012; Pefrissans e al., 2003). L2} GA 2 5A9] 713 dste] tidt A/l Hair=
ofg] 717 AdutE] = A4 50| EaLEl §loth Huang et al.(2012)2 Fj 2| &2t stejets, 7143 k& Ee S48,
%, AR 290 A Gdo] H|AATIE = AN TOE ALV SrIete] A AgAo] S7HHE B stglt). Ayadi
et al.(2003)3 Shi & Jang(2011)2 A HAE QFolA B2 AZE 7Vl L2= oS wf A wst 9 gl Alo] FAjz|o
H|3)] 231, A. pullulans®} -2 WAL WXl = G317} Qe Ao R B skt Feg & Sdl, 1987). 121} Wolkenhauer
et al.(2008) 2+ Awoyemi et al.(2009)> FA o) &gt 7]4ddste] gt HAERTL QS-S Hastll, Y5 AFEIES
DAa]o] vla)] EAFAo] 7hadittn B st Nead et al., 2012; Petric et al., 2007; Jimsa e al., 2000). €A )3t Ashe}
Irokot= AFAWF221] 7|7to] Aol 45 gk 20 2 Bzt 91, X g Soots pine 7] 187§ Y7k of - Mog
Hsltht 2470 A AAE o 23402 WstEl= d4to] Qloitka B skt Xing et al. (2015)+= EA 2S5}
stejets, 714 &9 Z7)ol= FA A Hg) 7144 a3t o] eV A7) o 2= 71 gt tigt Aol WS
BHaustoirty, B3 AAW T2 T X EAL MORE #4sta, HAjojs BMAFY ed® WAt Biuvt 9tk
(Tomak et al., 2014). AAZ A Aol gt w2 Baofa e E47t PREA ol vlal] SaAo] W 540l 9SS
Bt glo; AAR FAAet A F5d E0R IS 74EE YT B 1 tHDubey e al.,
2010, Ngad & Cooper, 2013). Ngjad et al., 2017)+= EA 2549 745, FR-EQ Rt o Zee UVARME Ad AA 9
T2E AMEE 29 dasirtal ZFxekgitt.

6. 28

8 71443t A Hweathering factorg) 25 €] EAj0] W B35 I3 25 77149 AT F3l teto] 2AGE At
o3 e AES Al
1. SR 227 (wood preservatives) 2 AHE-H 3E, 78] 59 F713HEC] HAE 7|4 E3Hweathering) 255 H 58
£ 9le ZAo® RuEQrh a8y ACQY A, FtE]-amineX3lgtE T AlshiElvh Aol gt glad S
4K photo-oxidation) #3f 7)ol oy, UF dkyl ammonium3letE= et Ao A9M Rz
(penetration depth)7} :7tElo] 714 dst WA a7t oFstd &= Qe AoE HE9ch
2. ACQA] 2|54 (trested wood with ACQ)<] 3| waxL} aild2 A5 UV S24] 5ol H7he ERE =4s1A
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u, 22 W 2FgatdZ(free radicals) Alo] 7]50] 9= HALS(Hindered Amine Light Stabilizers) 52 Z#AE
(precoating) st 7|93t A S 7slE 4= Qltkal HauwQlct B2 (treated wood with wood preservatives)
ol %=1 (opaque) = ukE A (film-formation)©] | 91E/28]¢] B YR 2| Q) (semi-transperent Stain) & 4
A P& o 71FgeEA o tiet A|A At Erhe Biso] thg QIleh B3 HEEA Y RHESE Q%
A=A Az(efinisn el Do) AAE

V3est AR R BAERS westd) okt wa Y RUEY EE 24 HUE, A, 2o} 5
S0 SOl ZUAE UV 1SS sl A% oL, e S A SElATRIE ] ST T
H)olck £k F4e) mutol] UVHRIE 9jgh A/HERA ul9)Ake] ZnO L= TiO,, Co, Cr, Fe, Mn, Nizt Ti 59|
=40]L Trisresorcinol triazine derivatives, triazine 2 Benzotriazole?} -2 UVE LA o] a7|= gt a+zlg 9
FHEA M= EFYAH IS A9 siEY E= FYPAHQY Ffols FEY RHESE el EA, A,
UVEHEAILY UVAREA] 59 H7Hee] Badt Aoz Usylth

. Methylation, acetylation %= akylation 52 22 3}5H2 714 A 2] ] S0l ehd | A2 2 g 33571t
=2 A4S 71VEs A At AdsErte Asol 270 e acetyl 3t 52 A9, EAo Xhfsle At
ofli=Zol| A FAYGEY AFSHE FxIste] 7S] Aol 2A] Fa1, A7 kEolAe FEHE AfE A
Bt #Ho A EaEAY o]gE o] aaprt AetEths Bk 9lo] Hoh A3k A7t a4 EE AR skt

- GA P EA Y] 71Fdst Al tiaiale ol 4R ARt AR Eo] gtk A EA = DA I oA
A 5 -OH7] AR QIgto] agido] Frtsto] FHE Wa/dso] & 540 9L, 2 A AAmZollA] FAj2]]
laf AfHste} mAE 7t Atk Bk Yoy, T8 71 dstel] tigt Aol §lo] UWVARMIE Ald =%
o] Fdasdo] ZxE Hurt glo] Hep A=Ede A9 oAl AAESI
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