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ABSTRACT

The purpose of this study was to investigate the changes caused by natural weathering on
surface hardness and gloss of Scots pine (Pinus sylvestris L.) and Oriental beech (Fagus orientalis L.)
wood specimens impregnated with three different chemicals and coated with two types varnish.
In this study, tanalith-E (TN-E), adolit-KD 5 (AD-KD 5), and chromated copper arsenate
(CCA) were used as wood preservatives and then polyurethane (PV) and synthetic (SV) varnishes
were applied to the wood surface. The surface hardness and gloss of wood specimens were
determined after 3 and 6 months of natural weathering. After 3 months of natural weathering,
results showed that while surface hardness values of solely varnish coated, and both impregnated
and varnish coated wood specimens increased, surface hardness of untreated (control) specimens
decreased. However, surface hardness values of untreated (control), and impregnated and coated
wood specimens decreased considerably after 6 months of natural weathering. The gloss values
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of impregnated and coated, and untreated (control) wood specimens after 3 months of natural
weathering were slightly low, and after 6 months of natural weathering, the decrease reached to
the considerable level. After six months of natural weathering, the surface hardness and gloss loss
of Scots pine and Oriental beech was the lowest in the TN-E impregnated and PV coated wood
specimens.

KEYWORDS: Natural weathering, surface hardness, gloss, Scots pine, Oriental beech,

impregnation, varnish.

INTRODUCTION

Wood is a sustainable and environmentally friendly natural material widely used as a
construction material (Trisna and Hiziroglu 2013; Tomak et al. 2012). However, wood is much
more easily degraded by environmental agents, including fire, biological organisms, water, and
light, than many man-made materials (Kiguchi et al. 1998). Especially, outdoor conditions
can cause rapid degradation of wood surface primarily due to the effect of the ultraviolet light
component of sunlight and water (Yalinkilic et al. 1999). The main factor that causes the
greatest changes in the surface properties of wood during outdoor exposure is sunlight (Tolvaj
et al. 2011). Because lignin is the main chemical component of wood, the aromatic polymer,
strongly absorbs sunlight (Jebrane et al. 2009), which causes depolymerization of lignin. As
a result of this a reduction in molecular weight of lignin component leads to shorter polymer
chains and degradation of mechanical properties (Bhat et al. 2010). Depending on the considered
field of application, wood properties like surface hardness, gloss and deformability as well as
abrasion and scratch resistance are of prime importance for wood (Veigel et al. 2014). In recent
years, much effort has been put into the development of protective systems for wood to prevent
photodegradation during outdoor weathering. Weathering is a complex process that modifies and
degrades the overall molecular structure of wood (Ozgenc and Yildiz 2014). Weathering reduces
the service life of wood and increases maintenance cost. Therefore, there is increasing interest in
the solutions that reduce weathering of wood (Lesar et al. 2011). One of the most important and
effective methods suggested to reduce or limit wood weathering is the treatment of wood with
chemicals (Temiz et al. 2005). Thus, wood treatments such as impregnation with preservatives
and modification techniques can improve the durability of wood outdoors depending on the
intended applications (Kamdem and Pizzi 2002). Coatings are widely used for protecting wood
surfaces against corrosion and environmental degradation as well as biodegradation (Akbarian et
al. 2012; Williams et al. 1996) and they can provide wood with desirable aesthetical properties
(De Meijer 2001). Impregnation of wood with a compatible preservative chemical and applying a
vanish prior to outdoor use has been undertaken to make wood more stable against photochemical
degradation, dimensional changes, and biological decomposition (Yalinkilic et al. 1999).
Moreover, the surface properties of wood materials can be enhanced easily by impregnating and
finishing with various preservatives to provide different performance characteristics for individual
applications, such as high hardness, impact resistance, suitable gloss, and chemical resistance
(Chang and Lu 2012). Treatment with wood preservatives especially formulated with chromium
and/or copper compounds improves the durability of wood surfaces against UV irradiation
and weathering factors (Temiz et al. 2005). Yalinkilic et al. (1999) investigated the outdoor
performance of Scots pine and chestnut wood treated with chromium-copper-boron (CCB) and
applied with polyurethane (PV) or alkyd-based synthetic varnish (SV) (Yalinkilic et al. 1999).
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They reported that CCB impregnation before a surface coating system protected wood in long
term outdoor conditions. It was claimed that the impregnated and coated wood surface became
harder than untreated wood surfaces. They also found that polyurethane varnish yielded a harder
surface than synthetic varnish (Yalinkilic et al. 1999). Another piece of research about outdoor
weathering durability of obeche, red beech, spruce, and fir wood treated with CCB was carried
out by Sell and Feist. They found that CCB-coated wood has high resistance and a protective
effect against weathering (Sell and Feist 1985). The effect of accelerated weathering on surface
properties of Scots pine impregnated with wolmanit-CB, tanalith-E (TN-E) and Adolit-KD5
(AD-KDS5) and coated with SV and PV was investigated (Baysal et al. 2014). According to the
findings of their study, while weathering caused an increase in the hardness of impregnated
and varnished specimens, gloss of specimens decreased after weathering. In this regard, the
weathering aspects of treated wood with new copper based wood preservatives have been become
of more importance (Temiz et al. 2005). In last decade, several new chemical formulations such
as TN-E and AD-KD5 have been developed and currently used for building construction, but
there is not enough information about the effects of these new chemicals on the some properties
of wood (Yildiz et al. 2004). The comparison of new copper based wood preservatives with
chromated copper arsenate (CCA) and its performance testing is important in determining
consumer expectation of these new products (Turkoglu et al. 2015).

This study was carried out on Scots pine and Oriental beech wood specimens impregnated
with a 4 percent aqueous solutions of copper based commercial impregnation chemicals such as
AD-KD 5 and TN-E. In addition, CCA was used to compare with AD-KD 5 and TN-E. After
impregnation, SV and PV coatings were applied to the wood surface. Then, the wood specimens
were exposed to natural weathering for two periods, 3 months and 6 months. Therefore, the
objective of this study was to investigate surface hardness and gloss changes caused by natural
weathering on the treated wood with copper-based impregnation chemicals before varnish
coatings.

MATERIAL AND METHODS

Preparation of test specimens and chemicals

Wood specimens were prepared from air-dried sapwood samples of Scots pine and Oriental
beech for impregnation treatment, with dimensions of 10 (radial) x 100 (tangential) x 150
(longitudinal) mm. They were dried at 50 = 5°C until unchangeable weight was reached. Wood
specimens were impregnated with three preservatives such as CCA, AD-KD 5, and TN-E.
Impregnation chemicals were dissolved in distilled water to a concentration of 4 percent. The pH
level of the impregnation solutions were 7.76 for CCA, 8.39 for AD-KD 5, and 8.25 for TN-E.
An alkyd-based synthetic varnish and a solvent-based two-component polyurethane varnish were
applied after the impregnation process in this study.

Impregnation process

The wood specimens were impregnated with 4 percent aqueous solution of CCA,
AD-KD 5, and TN-E according to the ASTM D1413-07¢1 - 2007. A vacuum desiccator used for
the impregnation process was connected to a vacuum pump through a vacuum trap. Vacuum was
applied for 30 min at 760 mm Hg before supplying the solution into the chamber and this was
followed by another 30 min at 760 mm Hg diffusion period under vacuum. All specimens were
conditioned at 20°C and 65 % relative humidity for three weeks before tests. Ten replications were
made for each group. Calculating the amount of preservative impregnation chemicals absorbed
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by the wood specimens, as kilograms per cubic meter of wood was done using the following Eq.
. GxC
Retention = % x 10 (kg.m3)

where: G = (T, —T,) - grams of treatment solution absorbed by the wood specimens,
T, - the weight of the wood specimens before impregnation,
T, - the weight of the wood specimens after impregnation,
C - concentration as percentage,
V - volume of the wood specimen (cm3).

Coating of the wood specimens

Synthetic and polyurethane varnishes were supplied by merchants and used according
to the manufacturers’ instructions. The viscosity of the varnishes was determined according
to the manufacturer’s directions and was found to be 18 s (DIN 4 cup) at 20 = 2°C for both
varnishes. Hardener and thinner mixture ratios were determined according to the manufacturer’s
suggestions. The varnish was applied to all surfaces and sides of the wood specimens with a spray
gun according to the ASTM D3023-98 - 2013 standard. Filler was not used on the wood surfaces
in order to avoid potential interference with the surface characteristics of the wood. Instead of
using filler, varnish was applied twice for PV and 4 times for SV. The first coating applied to
the wood surface was for filling the voids, and the second and upper coatings were applied for
top coating. Sufficient time for layer settling was allowed between successive applications until
the target retention of 100 g.m2 for the primer and 100 g.m2 for the top coating was reached,
controlled by consecutive weighting. Specimens were left in ambient conditions for 24 h according
to the manufacturer’s recommendations after the first coating, and then surfaces were gently
sanded using a fine-grit sandpaper (220 grit) to obtain a smooth surface before applying the top
coating. After the application of the top coating of varnishes to the surfaces, specimens were

conditioned for 3 weeks (Baysal et al. 2014).

Weathering exposure

Wood specimens were prepared for weathering exposure according to ASTM D7787 - 2013.
They were exposed to weathering conditions during spring and summer (from March to August)
in 2011. The site is situated at Mugla Sitki Kocman University (37° 09’ N and 28° 22’ E, 670
m above sea level) in Mugla, Southern Aegean Region of Turkey. Weather conditions of Mugla
during weathering were given Tab. 1 (Meteorological data 2011).

Tab. 1: Weather conditions of Mugla from March to August in 2011.

Months Mar | Apr May Jun Jul Aug

Average temperature ("C) 8.6 11.7 16.4 22.8 279 27.5

The highest temperature (°C) 199 | 21.7 29.1 359 38.4 38.1

The lowest temperature ("C) -49 14 6.8 13 12.1 13.5

Sunbathing time (hour) 5.4 5.5 6.8 10 11.2 10.4
The number of the rainy day 11 17 9 6 0 0
Rainfall per month (kg.m2) 29.8 | 80.4 59.4 17.4 0 0

Humidity (%) 74.6 75.2 67.8 53.6 38.8 39.2

The exposure rack was positioned so that the exposed specimens were at an angle of 45°
facing south. Wood specimens were set outside for weathering exposure according to ASTM
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G7/G7M-13 - 2013. Exposure covered a period of 6 months. The wood specimens were removed
at 3-month intervals for performance evaluation. Surface hardness and gloss measurements
were made on the exposed surfaces of the wood specimens. The surface hardness and gloss
were measured at the same points on the tangential face of the samples before and after natural
weathering.

Surface hardness

The surface hardness of wood specimens was measured as the Konig hardness according to
ASTM D 4366-14 - 2013. Wood specimens were placed on a panel table, and a pendulum was
placed on the panel surface. Then, the pendulum was deflected through 6° and released, at the
same time, a stopwatch was started. The time for the amplitude to decrease from 6° to 3° was
measured as K6nig hardness.

Gloss test

The gloss test of wood specimens was determined using a glossmeter (BYK Gardner, Micro-
TRI-Gloss) according to ASTM D523-14 - 2013. The chosen geometry was an incidence angle
of 60°. Results were based on a specular gloss value of 100, which relates to the perfect condition
under identical illuminating and viewing conditions of a highly polished, plane, black glass
surface.

RESULTS AND DISCUSSION

In this study, synthetic or polyurethane varnish was applied to Scots pine and Oriental beech
wood specimens after being impregnated with three different chemicals except for the control
specimens. The wood specimens were exposed to natural weathering for two periods, 3 months
and 6 months. The effects of the preservatives and varnishes on surface hardness and gloss
values before and after weathering are presented in this section. Retention amount of different
impregnation solutions on Scots pine and Oriental beech wood are given in Tab. 2. Retention
amount of wood specimens were calculated as 30.7 to 35.5 kg.m™ in Scots pine, and 23.1 to 28.8
kg.m3 in Oriental beech. The highest retention amounts determined in Scots pine and Oriental
beech impregnated with TN-E were 35.5 and 28.8 kg.m3, respectively. The lowest retention
amounts determined in Scots pine and Oriental beech impregnated with AD-KD 5 were 30.7
and 23.1 kg.m3, respectively.

Tab. 2: Retention amount of wood specimens.

Impregnation Solution Concentration Retention (kg.m™)
(%) Scots pine Oriental beech
CCA 4 32.7 27.6
AD-KD 5 4 30.7 23.1
TN-E 4 35.5 28.8

Surface hardness
The surface hardness values of Scots pine and Oriental beech specimens before and after
natural weathering are given in Tab. 3 and Tab. 4.
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Tab. 3: Surface hardness of Scots pine specimens before and after natural weathering.

Before natural | After 3 months natural | After 6 months natural
Treatment Reteontion weathering weathering weathering

%) Mean | SD | Mean | SD Cl:;l;ge Mean | SD C}(l:;:;ge

Control - 15.2 3.4 13.5 | 2.1 | -11.18 3.9 0.7 -74.34
PV - 23.4 3.9 476 | 9.8 | 103.42 | 11.8 2.2 | -49.57

SV - 13.0 3.7 30.2 | 79 | 132.31 6.1 2.1 -53.08

CCA +PV 32.7 15.2 52 42.8 7.9 181.58 14.2 4.1 -6.58
CCA +SV 7.6 2.4 26.4 7.2 | 247.37 5.3 1.7 -30.26
AD-KD 5 + PV 30.7 17.8 3.9 44.2 6.1 148.31 14.5 2.6 -18.54
AD-KD 5+ SV 8.8 2.5 23.8 4.6 170.45 4.5 14 -48.86

TN-E + PV 35.5 19.0 52 52.4 [10.5| 175.79 18.4 6.2 -3.16
TN-E + SV 12.6 2.7 31.2 | 44 | 147.62 7.2 1.2 | -42.86

Note: Ten replicates were made for each treatment group. SD: Standard deviation.

Tab. 4: Surface hardness of Oriental beech specimens before and after natural weathering.

Before natural | After 3 months natural After 6 months
Retention | weathering weathering natural weathering
Treatment (%) Change Change
Mean | SD | Mean | SD %) Mean | SD %)
Control 22.0 3.4 17.3 4.3 | -21.36 3.2 0.4 | -85.45
PV - 27.3 4.3 43.8 8.6 60.44 5.7 0.6 -79.12
NY% - 23.0 2.5 41.8 9.5 81.74 5.3 1.2 -76.96
CCA + PV 27.6 22.2 3.7 46.8 | 5.6 | 110.81 5.6 1.4 | -74.77
CCA + SV 15.8 2.5 45.0 | 9.4 | 184.81 45 | 0.5 | -71.52
AD-KD 5 + PV 23.1 28.5 3.0 533 | 47 | 87.02 6.0 | 0.7 | -78.95
AD-KD 5 + SV 15.5 2.3 43.0 9.1 177.42 4.5 0.9 -70.97
TN-E + PV 28.8 23.0 3.5 440 | 5.2 91.30 10.8 | 1.9 -53.04
TN-E + SV 19.8 3.0 43.0 [10.1 | 117.17 7.4 1.6 | -62.63

Note: Ten replicates were made for each treatment group. SD: Standard deviation.

The surface hardness of untreated (control) Scots pine and Oriental beech wood specimens
were found to be 15.2 and 22.0, respectively before natural weathering. While surface hardness
of Scots pine wood specimens applied with PV and SV were observed to be 23.4 and 13.0,
respectively, for Oriental beech wood specimens surface hardness was found to be 27.3 and
23.0, respectively. While surface hardness of untreated (control) Scots pine and Oriental beech
wood specimens decreased 11.18 and 21.36 % after three months of natural weathering, surface
hardness of all other impregnated and varnished Scots pine and Oriental beech specimens
increased to a considerable level after 3 months of natural weathering. Baysal (2008) found that
SV and PV coating together with CCB impregnation hardened the wood surfaces after 3 months
of outdoor weathering (Baysal 2008). This was because the impregnation materials increased
hardness and wood samples had a harder varnish layer (Keskin et al. 2011). Surface hardness
values of Oriental beech wood specimens were between 17.3 and 53.3 after the three months
period. In the same period, the surface hardness of Scots pine was between 13.5 and 52.4.
Yalinkilic et al. (1999) reported that impregnated and varnished wood surface, upon weathering,
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hardened markedly up to a point and then underwent a stable phase or gradual softening. After six
months of natural weathering, surface hardness of all untreated (control), and impregnated and
coated wood specimens dramatically decreased. The decline was 74.34 % for untreated (control)
Scots pine and 85.45 % for untreated (control) Oriental beech. This is because weathering softens
wood materials (Yalinkilic et al. 1999). The surface hardness values of impregnated and varnished
wood specimens decreased 3.16 to 48.86 % for Scots pine and 53.04 to 78.95 % for Oriental beech
after the six month weathering period owing to the fact that the film toughness of wood surface
was degraded by environmental conditions (Yalinkilic et al. 1999). The least decrease in hardness
values was 53.04 %, observed for Oriental beech impregnated with TN-E before polyurethane
varnish coating after six months of weathering. The least decrease in surface hardness values
was obtained from the Scots pine impregnated with CCA or TN-E before polyurethane varnish
coating after six months of weathering. In similar research carried out by Peker (1997), Scots
pine and Chestnut were impregnated and varnished and then exposed to natural weathering.
He reported changes in the surface hardness after weathering and for Scots pine, the greatest
surface hardness was obtained with tanalith-CBC and a polyurethane varnish (Peker 1997). In
our study, the surface hardness of Scots pine and Oriental beech specimens increased after three
months natural weathering because of being treated with wood preservatives. After six months,
the surface hardness decreased dramatically in all specimens due to natural weathering. Similar
surface hardness of Calabrian pine wood treated with boron and varnished with SV or PV was
also observed (Toker et al. 2009). Our results showed that the minimum decline in surface
hardness was for the Scots pine and Oriental beech impregnated with TN-E and polyurethane
varnish coating after six months of natural weathering. The importance of varnish type on surface
hardness was proved (Uysal et al. 2009). Atar et al. (2011) reported that PV coating increased
the surface hardness of wood specimens more than SV coating (Atar et al. 2011). In another
study, Baysal (2008) achieved the same results. Polyurethanes are a unique class of polymers that
have a wide range of applications because their properties can be tailored by variation of their
components (Lai and Baccei 1991; Chang and Chou 2000).

Gloss

Gloss is a measure of the coated surface to reflect light and it is an important property of the
coating when the purpose is to provide an aesthetic or decorative look to the surface (Kumar et
al. 2006; Cakicier et al. 2011). Gloss of wood specimens was measured at a 60° angle of incidence
using a gloss meter. The results of gloss for Scots pine and Oriental beech specimens before and
after natural weathering are given in Tabs. 5 and 6.

Before natural weathering, the gloss values of untreated (control) wood specimens were much
lower than impregnated and varnished wood specimens. While the lowest gloss value was 7.4 for
untreated (control) Scots pine, the gloss values of all other impregnated and varnished Scots pine
were found to be between 51 and 89.3 before natural weathering. The same results were obtained
for Oriental beech. While the gloss value of untreated (control) Oriental beech was 6.9, the gloss
values of all other impregnated and varnished Oriental beech specimens were found to be 55.5 to
90.7. The gloss values of solely PV coated Scots pine and Oriental beech specimens before natural
weathering were 89.3 and 90.7, respectively. They were the highest gloss values for Scots pine
and Oriental beech before natural weathering. The film layer of varnishes is highly glossy before
weathering and reflects well the natural appearance of wood surfaces (Yalinkilic et al. 1999).
The second highest gloss values, 86.3 for Scots Pine and 75.7 for Oriental Beech, were found in
specimens which were CCA impregnated and then PV coated before being naturally weathered.
The gloss values of impregnated and varnished wood specimens are slightly lower than varnished
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Tab. 5: Gloss values of Scots pine specimens before and after natural weathering.

Before natural | After 3 months natural | After 6 months natural
Treatment Ret(i;;;ion weathering Weatheringhan - weatherin(g:;han -
Mean | SD | Mean | SD % )g Mean | SD % )g
Control - 7.4 1.7 3.1 1.4 -58.11 1.2 0.7 -85.14
PV - 89.3 12.9 64.2 9.9 -28.11 35.8 7.4 -59.91
SV - 77.4 17.1 353 [10.7 | -54.39 | 233 | 52 | -69.90
CCA + PV 32.7 86.3 10.4 62.3 | 10.1 | -27.81 422 | 75 -51.10
CCA +SV 62.8 15.1 28.1 5.4 -55.25 20.4 4.4 -67.52
AD-KD 5 + PV 30.7 84.5 12 56.9 9.7 -32.66 40.1 9 -52.54
AD-KD 5 + SV 51 8.5 26 4 -49.02 17.5 4.6 -65.69
TN-E + PV 35.5 83 15.5 57.5 12.4 | -30.72 40.8 8 -50.84
TN-E + SV 73.4 14.4 371 8.4 -49.46 26.1 6.4 -64.44

Note: Ten replicates were made for each treatment group. SD: Standard deviation.

Tab. 6: Gloss values of Oriental beech specimens before and after natural weathering.

Before natural | After 3 months natural | After 6 months natural
Retention | weathering weathering weathering
Treatment (%) Change Change
Mean | SD | Mean | SD %) Mean | SD %)
Control - 6.9 1.5 3.2 0.7 -53.62 1.2 0.4 -82.61
PV - 90.7 5.9 54.2 9.2 -40.24 20.9 5.2 -76.96
SV - 78.2 9 32.4 5.8 -58.57 15.7 4.4 -79.92
CCA + PV 27.6 75.7 14.1 45.4 8 -40.03 19.7 52 -73.98
CCA +SV 62.1 11.9 26.8 6.8 -56.84 14.2 3.9 -77.13
AD-KD 5 + PV 231 74.3 8.7 44.5 9.7 -40.11 18.3 5.3 -75.37
AD-KD 5 + SV 70.5 | 13.3 329 6.6 -53.33 | 15.2 3.7 -78.44
TN-E + PV 28.8 74.1 7.5 41.6 8.2 | -43.86 | 255 6.9 -65.59
TN-E + SV 55.5 12.5 25.2 6.6 -54.59 14.3 4.1 -74.23

Note: Ten replicates were made for each treatment group. SD: Standard deviation.

wood specimens before natural weathering. It can be explained that impregnation caused a
small decrease in gloss values of wood specimens. After three months of natural weathering,
while the gloss loss of untreated (control) Scots pine and Oriental beech was 58.11 and 53.62 %
respectively, all impregnated and varnished wood specimens were observed to have drastic gloss
loss of between 27.81 and 55.25 % for Scots pine, 40.03 and 58.57 % for Oriental beech. After six
months of natural weathering, the gloss values of all wood specimens decreased by a remarkable
level. The highest gloss losses were observed to be 85.14 and 82.61 % in Scots pine and Oriental
beech control specimens, respectively. Wood materials are susceptible to environmental factors.
Application of a clear coating is the easiest and most common method for protection wood against
environmental degradation and enhancing its distinctive appearance (Chang and Chou 2000).
However, it can be also degraded easily under the weathering conditions in the short term (Hu et
al. 2009). Because the surfaces are generally rough (microscopically) after coating with brushing or
spraying, abrasion on the wood surfaces, along with erosion, causes gloss degradation (Yalinkilic
et al. 1999). Erosion on the wood surfaces and degradation in the varnish layers after weathering
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might cause these changes on varnished surfaces (Baysal et al. 2014). Our result showed that
the lowest gloss loss was observed to be 50.84 and 65.59 % in Scots pine and Oriental beech
impregnated with TN-E before PV coating, respectively, after six months of natural weathering.
Baysal et al. (2014) reported that the impregnation with copper-based preservatives before PV
coating protected the wood surface against gloss loss. They also found that the lowest gloss loss
observed was in TN-E pretreatment before PV coating (Baysal et al. 2014). Before and after
natural weathering, our result showed that the gloss values of PV coating wood specimens were
higher than wood specimens coated with SV. The similar result was obtained from Calabrian pine

wood treated with boron and varnished with SV or PV (Toker et al. 2009).

CONCLUSIONS

In this study, Scots pine and Oriental beech wood specimens were impregnated with a 4
percent aqueous solution of TN-E, AD-KD 5, and CCA. Then, synthetic or polyurethane varnish
coatings were applied to wood specimens. The effects of 3 and 6 months of natural weathering on
surface hardness and gloss of wood specimens were determined. It was observed that the retention
amount of Scots pine was higher than the retention amount of Oriental beech. It was found that
while surface hardness of untreated (control) Scots pine and Oriental beech wood specimens
decreased after three months of natural weathering, surface hardness of all other impregnated
and varnished wood specimens increased. After six months of natural weathering, surface
hardness of all untreated (control) and impregnated and coated wood specimens dramatically
decreased. The surface hardness of impregnated wood specimens which had PV applied before
natural weathering was much higher than when SV was applied. Before natural weathering had
occurred, it was observed that the gloss values of untreated (control) wood specimens were much
lower than impregnated and coated wood specimens. The gloss values of impregnated and coated,
and untreated (control) wood specimens after 3 months of natural weathering were dramatically
lower, and after 6 months, gloss values of all wood specimens had decreased considerably. The
gloss values of PV coated wood specimens were higher than wood specimens coated with SV.

At the end of six months natural weathering, the minimum decrease of surface hardness and
gloss values for Scots pine and Oriental beech wood was obtained from TN-E impregnated and
polyurethane varnish coated wood specimens. According to this study, new generation copper
based wood preservatives such as TN-E and AD-KD 5 can use be used instead of CCA for
protection of wood against natural weathering.
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