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ABSTRACT

In this study, it was aimed to investigate some surface characteristics such as surface roughness, color, 
and glossiness of Scots pine (Pinus sylvestris) wood specimens after 500 hours artificial weathering 
exposure.  The results showed that surface characteristics of thermally modified Scots pine gave better 
results than unmodified Scots pine after artificial weathering. Artificial weathering caused an increase in 
surface roughness and a decrease in glossiness of Scots pine wood. Results showed artificial weathered 
wood become darker, reddish, and yellowish. Generally, higher duration and temperature for Scots pine 
resulted in better surface characteristics of Scots pine after artificial weathering. 
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INTRODUCTION

Thermal treatment or heat treatment is a way of drastically changing the properties of wood and 
in some sense of producing a “new material”. During the last decade, heat-treated wood has been 
commercialized and produced on a large scale (Sundqvist 2004). Heat treatment of wood changes its 
chemical composition by degrading both cell wall compounds and extractive (Esteves et al. 2008). The 
thermal modification of wood has been known as a process enhancing wood properties by reducing 
moisture absorption, improving dimensional stability and biological durability (Akgul and Korkut 2012). 
However, the loss of strength has always been one of the main drawbacks for the commercial utilization 
of thermally treated wood. (Gunduz and Aydemir 2009). With heat treatment, the colour of wood is 
modified acquiring a darker tonality which is often justified by the formation of colour degradation 
produced from hemicelluloses (Sehlstedt-Persson 2003, Sundqvist 2004). Color of wood is important 
from the viewpoint of aesthetic and hedonic concepts for the consumers. Depending on culture, country, 
and income level, wood products may have higher market volume solely due to its color. Heat treatment 
provides an inexpensive alternative method to darken wood to imitate more expensive exotic species 
(Korkut et al. 2013). 

  Wood surfaces exposed outdoors are rapidly degraded because lignin strongly absorbs UV 
light, which leads to radical-induced depolymerisation of lignin and cellulose, the major structural 
constituents of wood (Evans et al. 2002). The yellowing, browning and/or graying of wood surfaces 
exposed outdoors indicate the modification of lignin. The depolymerisation of lignin and cellulose lead 
also to the reduction of some physical, chemical, and biological properties of wood (Grelier et al. 2000). 
Changes in chemical and optical properties belong to physical properties of wood lead to discoloration, 
loss of gloss, roughening of surface, and are also accompanied by alteration of mechanical properties 
of the three main components of wood-cellulose, hemicelluloses, and lignin appears to be oxidized and 
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degraded by UV light more rapidly (Denes and Young 1999). Out of all environmental factors, what 
contributes most to the weathering of wood is light (Feist and Hon 1984). To limit wood photodegradation, 
many chemical protections were investigated: chemical modification of wood (Beckers et al. 1998, 
Rowell 1983, Hill 2006, Evans et al. 2002, Pandey and Chandrashekar 2006, Jebrane and Se`be 2007, 
Jebrane and Sébe 2008), the grafting of UV absorbers (Williams 1983, Grelier et al. 1997, Kiguchi and 
Evans 1998), treatment with  inorganic salts, particularly hexavalent chromium compounds (Baysal 
2012, Evans et al. 1992, Yalinkilic et al. 1999, Feist 1979). More than 95 % of exterior wood coatings 
are applied as liquid coatings with either organic solvent or water as the carrier for the other coatings 
ingredients. The use and subsequent emission of volatile organic compounds (VOCs) to the environment 
has been increasingly considered as a problem during the last 20 years from the both an air-pollution 
and health and safety point of view (Meijer 2001). Also, health concerns about the use of hexavalent 
chromium have also discouraged commercial development of this concept (Kiguchi and Evans 1998). 
When compared to untreated wood, heat-treated wood shows greater resistance to weathering (Temiz et 
al. 2006, Nuopponen et al. 2004, Ayadi et al. 2003). The modified chromophoric lignin structure due to 
heat treatment may interfere with light absorption process, thereby inducing photo-stability (Srinivas and 
Pandey 2012). Investigations on surface characteristics of heat-treated wood after exposure to artificial 
weathering are very limited and the effects of weathering on heated wood species are not well known. It 
is possible to maximize the service life of heat treated wood products in any type of climatic conditions 
by understanding and predicting the protection mechanism against weathering factors (Yildiz et al. 
2013). In this study, it was aimed to investigate some surface characteristics such as surface roughness, 
gloss, and color of thermally modified Scots pine wood after artificial weathering exposure.

MATERIAL AND METHODS

Preparation of test specimens 
Specimens 6 x 75 x 150 mm (radial by tangential by longitudinal) were machined from the air-dried 

sapwood of Scots pine (Pinus sylvestris L.) lumber. All specimens were conditioned at 20ºC and 65% 
relative humidity for two weeks before tests.

Thermal modification
Thermal modification was performed using a temperature-controlled laboratory oven. Three different 

temperatures (140°C, 170°C, and 200°C) and three treatment durations (2, 4, and 8 h) were applied to 
wood specimens under atmospheric pressure and in the presence of air.

Artificial weathering 
Artificial weathering experiment was performed in a QUV weathering device (Q - Lab, USA) equipped 

with eight UVA 340 lamps according to principles of ASTM G154 (2006) standard. Specimens were 
exposed to cycles of 8 h UV-light irradiation followed by condensation for 4 h in QUV device for a 
total of 500 h. The average irradiance was 0.89 W/m2 at the maximum intensity of 340 nm wavelengths 
(λmax = 340 nm). The temperature at the light irradiation period and at the condensation period was 60°C 
and 50°C, respectively. Since the moisture content is an important parameter affecting the properties 
of wood, specimens were conditioned at 20°C and 65% relative humidity until constant weight was 
achieved before and after artificial weathering experiment. Therefore, surface roughness, glossiness, and 
color measurements were performed on conditioned specimens and the measurements were not affected 
by having different moisture content of specimens before and after weathering.
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Surface roughness
The Mitutoyo Surftest SJ-301 instrument was employed for surface roughness measurements 

according to DIN 4768 (1990). Three roughness parameters which are mean arithmetic deviation of 
profile (Ra), mean peak-to-valley height (Rz), and root mean square (Rq) and these parameters were 
widely employed in former studies to evaluate surface characteristics of wood and wood based materials 
(Hiziroglu 1996, Hiziroglu and Graham 1998). 

Color test 
The color parameters a*, b*, and L* were determined by the CIELAB method. The L* axis represents 

the lightness, whereas a* and b* are the chromaticity coordinates. The + a* and -a* parameters represent 
red and green, respectively. The +b* parameter represents yellow, whereas -b* represents blue. L* can 
vary from 100 (white) to zero (black) (Zhang 2003). The colors of the specimens were measured by a 
color meter (X-Rite SP Series Spectrophotometer) before and after artificial weathering. The measuring 
spot was adjusted to be equal or not more than one-third of the distance from the center of this area to 
the receptor field stops. The color difference, (ΔE*) was determined for each wood as follows (ASTM 
D 1536–58 1964): 

      Δa*= a*f – a*i                                                                                                                    
     Δb* = b*f - b*i                                                                                                                    
    ΔL*= Lf *- L*i                                                                                                                    
    (ΔE*) = [(Δa*)2 + (Δb*)2 + (ΔL*) 2] 1/2    
                                                                         
where: Δa*, Δb*, and ΔL* are the changes between the initial and final interval values.

Glossiness test
The glossiness of wood specimens was determined using a gloss meter (BYK Gardner, Micro-

TRI-Gloss) according to ASTM D523-08 (2008). The chosen geometry was an incidence angle of 60º. 
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. 

Evaluations of test results
Surface roughness, glossiness, and color tests results were evaluated by a computerized statistical 

program composed of analysis of variance and following Duncan tests at the 95% confidence level. 
Statistical evaluations were made on homogeneity groups (HG), of which different letters reflected 
statistical significance.

RESULTS AND DISCUSSIONS
Surface roughness
Surface roughness parameters such as Ra, Rz, and Rq values of artificially weathered Scots pine wood 

are given in table 1. Also, they are given in figure 1, figure 2, and figure 3, respectively. Unmodified 
Scots pine (control) specimen had an average Ra, Rz, and Rq values 3,22; 19,38; and 4,12 respectively 
after artificial weathering. Our result showed that surface roughness of unmodified Scots pine wood 
was higher than thermally modified Scots pine wood after artificial weathering. This increase in 
surface roughness is very important for many applications of solid wood. The wooden materials with 
rough surface requires much more sanding process compared to one with smooth surface, which leads 
to decrease in thickness of material and, therefore, increases the losses due to the sanding process 
(Dundar et al. 2008). However, wood is heterogeneous, anisotropic and brittle material. The surface 
roughness of wood products depends on many factors such as wood anatomical structural (vessels, cell 
lumen, annual ring width, hardness etc.), machine conditions (feed rate, spindle speed etc.) and cutting 
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properties (Karagoz et al. 2011).  Artificial weathering increased surface roughness of both unmodified 
and thermally modified Scots pine. While the increase of Ra, Rz, and Rq were 56,31%; 42,81% and 
52,02% respectively for unmodified Scots pine, the increase of Ra was from 12,19% to 36,69% Rz was 
from 10,36% to 18,57% and Rq was from 11,98% to 27,20%, for thermally modified Scots pine. There 
were statistical differences between Ra, Rz, and Rq values of unmodified Scots pine wood and thermally 
modified Scots pine after artificial weathering. Yildiz et al. (2013) reported that heat treatment seemed 
to protect wood surface from becoming rougher after weathering for softwood. Our results are in good 
agreement with this researcher’s finding. According to our results, higher temperature and duration 
resulted in lower surface roughness of Scots pine wood after artificial weathering. 

  Table 1. Surface roughness of Scots pine (Pinus sylvestris) before and after 
artificial Weathering.

  

                                                    

   Figure 1. Ra values of unmodified and thermally modified Scots pine (Pinus sylvestris) after 
artificial weathering.
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Figure 2. Rz values of unmodified and thermally modified Scots pine (Pinus sylvestris) after 
artificial weathering.

Figure 3. Rq values of unmodified and thermally modified  Scots pine (Pinus sylvestris) after 
artificial weathering.
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Glossiness
Glossiness values of the wood surfaces at a 60° incidence angle measured for Scots pine wood before 

and after artificial weathering are given in Table 2 and Figure 4. Glossiness, a property of reflecting light 
in a mirror-like fashion, is very important for an aesthetic and decorative appearance of coated wood 
surface (Cakicier et al. 2011). While the lowest glossiness value was 1,51 recorded of thermally modified 
Scots pine for 4 h at 200 °C, the highest glossiness was 2,65 measured for thermally modified Scots pine 
for 2 h at 140 °C after artificial weathering. Gloss changes were the lowest of thermally modified Scots 
pine for 4h at 200°C after artificial weathering. According to our results, the gloss change of unmodified 
Scots pine was higher than thermally modified Scots pine after artificial weathering. Artificial weathering 
decreased gloss values of Scots pine specimens to some extent. The gloss values of the unmodified and 
thermally modified Scots pine wood decreased by 1,04% to 21,12% after artificial weathering. There was 
a statistical difference between glossiness values of unmodified Scots pine wood and thermally modified 
Scots pine after artificial weathering. The  results showed that generally, gloss values of Scots pine wood 
specimens improved with increasing treatment temperature and duration after artificial weathering.

Table 2. Glossiness values of Scots pine (Pinus sylvestris) before and after artificial weathering. 
 
 
 
 

 
 
 
 
 
 
 

Note: Five replications were made for each group. Small letters given as superscript over glossiness values represent 
homogeneity groups (HG) obtained by statistical analysis with similar letters reflecting statistical insignificance at the 95% 

confidence level. Values in parenthesis are standard deviations.

                 
                                                         

Figure 4. Glossiness of unmodified and thermally modified Scots pine (Pinus sylvestris) after 
artificial weathering.
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Color changes
The changes of ΔL*, Δa*, Δb*, and ΔE* after artificial weathering of thermally modified Scots pine are 

given in table 3. The decrease in L* indicates that the specimens become darker after artificial weathering. 
ΔL* of unmodified Scots pine specimen was higher than thermally modified Scots pine specimens after 
artificial weathering. While ΔL* of unmodified Scots pine was (-12,37), it changed from (–0,47) to 
(-11,65) for thermally modified Scots pine after artificial weathering. Generally, darkening with artificial 
weathering decreased with treatment temperature and duration. For instance, while  ΔL* of Scots pine 
decreased by 11,65; 11,27 and 7,57 for 2 h, 4h, and 8h of treatment at 140 °C, respectively, it decreased 
by 3,18; 1,00 and 0,47 for 2 h, 4h, and 8h of treatment at 200 °C. The darkening of Scots pine might be 
due to degradation of lignin and other non-cellulosic polysaccharides (Hon and Chang 1985, Grelier et 
al. 2000, Petric et al. 2004). The positive values of Δa* indicate a tendency of wood surface to become 
reddish. In general, the Δa* of artificial weathered Scots pine decreased with treatment temperature and 
duration. For artificially weathered Scots pine, Δa* varied between 0,19% and  6,50%. Our results showed 
that Δa* of unmodified  Scots pine specimen gave nearly similar results with thermally modified Scots 
pine specimen for  2h at 140°C, 170°C, and 200 °C, respectively. Moreover, no statistical differences 
were found between Δa* of unmodified Scots pine and thermally modified Scots pine for 2 h at 140°C, 
170°C, and 200°C, respectively. Positive values of Δb* indicate a tendency of wood surface to yellowing. 
This increase may be explained by the modification of some chromophoric groups of lignin (Grelier et 
al. 2000).  Our results showed that Δb* of thermally modified Scots pine wood for 8 h at 200 °C  was 
highly lower than other treatments. However except for  8 h at 170 °C and for 4 and 8 h at 200 °C, no 
statistical differences were found between Δb* of unmodified Scots pine and  thermally modified Scots 
pine.  Srivinas and Pandey (2012) investigated the color changes of thermally treated rubberwood after 
accelerated weathering. They found that Δa* and Δb* increased with exposure duration. The results 
of this study are consistent with these finding. While, the total color changes ΔE* of unmodified Scots 
pine wood was 16,98 it was changed from 1,80 to 17,78 for thermally modified Scots pine (Figure 5). 
Generally, ΔE* of Scots pine wood decreased with temperature and duration.

Table 3. Color changes of Scots pine (Pinus sylvestris) before and after artificial weathering. 
 
 
 
 
 
 
 

 
 
 Note: Five replications were made for each group. Small letters given as superscript over values ΔL*, Δa*,  Δb* 

and ΔE* represent homogeneity groups (HG) obtained by statistical analysis with similar letters reflecting statistical 
insignificance at the 95% confidence level. Values in parenthesis are standard deviations.
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Figure 5. ΔE* values of unmodified and thermally modified Scots pine (Pinus sylvestris) after 
artificial weathering.

                                                   
CONCLUSION

This study dealt with the surface roughness, glossiness, and color of thermally modified Scots pine wood 
specimens after artificial weathering. Thermally modified Scots pine showed better surface characteristics than 
unmodified Scots pine after artificial weathering. While the decrease in ΔL* indicates that the specimens become 
darker, positive values of Δa* and Δb* indicate a tendency of wood surface to become reddish and yellowish, 
respectively. In general, higher temperature and duration of Scots pine resulted in lower surface roughness and 
higher glossiness of Scots pine wood after artificial weathering.

As a result, thermally treated wood gets a look of old wood and is used for imitation of the rustic building, 
and the superheated leaved give the impression of exotic wood (Vukas et al. 2010). Moreover,  heat-treated wood 
possesses new physical properties such as reduced hygroscopy, improved dimensional stability and weathering 
properties, better resistance to degradation by insects and micro-organisms, and most importantly, attractive darker 
color. The new versatile properties make heat-treated wood popular for outdoor applications (Huang et al. 2013).
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