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Beech (Fagus sylvatica L.) and pine (Pinus sylvestris L.) wood specimens 
were heat-treated separately at three different temperatures (170 °C, 190 
°C, and 210 °C) with steam treatment method (STM), oil treatment method 
(OTM), and hot-air treatment method (HTM). Then, the specimen surfaces 
were coated with water-based, polyurethane-based, and oil-based 
varnishes according to industrial applications. The study results show that 
both hardness and adhesion strength values of STM and HTM treated 
specimens were similar for both wood species. In contrast, these values 
were generally lower in OTM-treated specimens. For all applied methods, 
heat treatment temperature had no significant effect on hardness values. 
Varnish adhesion strength decreased in all heat-treated wood specimens 
compared to untreated specimens. Adhesion strength also decreased in 
STM- and HTM-treated specimens with increasing heat treatment 
temperature. Hardness values increased in all specimens coated with 
polyurethane- and water-based varnish compared to the specimens 
without varnish. However, hardness decreased in the specimens coated 
with oil-based varnish. In contrast, the highest adhesion resistance was 
determined in the specimens coated with oil-based varnish under all heat 
treatment conditions. In addition, the heat treatment method is more 
effective relative to the hardness values and the treatment temperature is 
more effective relative to the adhesion strength of varnished pine and 
beech specimens. 
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INTRODUCTION 
 

As a renewable and natural composite material, wood is an ideal material for many 

structural and non-structural applications. This is due to its superior properties, such as 

easy processing and low energy consumption, high strength-to-weight ratio, and attractive 

appearance. However, the insufficient dimensional stability and biological resistance can 

limit the usage areas of natural wood. Therefore, there is a need for modification processes 

that will reduce the hygroscopic behavior of wood to increase dimensional stability as well 

as resistance to biological organisms such as fungi and insects. Heat treatment, chemical 

modification, surface modification, impregnation, and densification processes are applied 

as wood modification methods (Rowell 2012; Sandberg et al. 2017; Lee et al. 2018a). 

Heat treatment, or thermal treatment, is the most widely commercialized wood 
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modification method; it is applied to improve some properties of wood at temperatures 

above 160 °C, without the use of chemical additives and in a limited oxygen environment 

(Militz 2005; Torniainen et al. 2021). For thermal modification processes, temperatures 

above 240 °C are not used because of the excessive degradation of wood components (Hill 

et al. 2021). Although heat treatment is a physical process, it causes chemical changes in 

the basic components of wood (cellulose, hemicellulose, and lignin) that affect properties 

such as hygroscopicity, dimensional stability, and biological resistance (Boonstra 2016). 

As a result of heat treatment, the equilibrium moisture content (EMC) of wood decreases 

and its dimensional stability improves significantly (Esteves et al. 2007; Korkut and Güller 

2008; Kaygın et al. 2009; Aydemir et al. 2011; Kocaefe et al. 2015; Hill et al. 2021). At 

the same time, the improvement in decay resistance against biological organisms, such as 

fungi, insects, and termites are one of the most prominent properties imparted to wood by 

heat treatment (Kamdem et al. 2002; Pelit and Yalçın 2017; Lee et. al. 2018b). Moreover, 

after heat treatment, the wood color darkens homogeneously and can be more visually 

interesting (Bekhta and Niemz 2003; Toker et al. 2016; Pelit 2017; Sivrikaya et al. 2019). 

However, mechanical strength and hardness properties of heat-treated wood generally 

decrease due to high temperatures (Bekhta and Niemz 2003; Korkut et al. 2008; Pelit et al. 

2015; Pelit and Yorulmaz 2019). 

Changes in the surface properties of heat-treated wood affect further applications 

such as gluing or coating (Nuopponen et al. 2003; Gérardin 2016). When wood is subjected 

to heat treatment at high temperatures, the surface of the wood becomes hydrophobic, and 

the absorption of varnishes and glues occurs more slowly in comparison to untreated wood. 

The temperature drastically affects the superficial energy of wood, which limits the use of 

normal finishes with heat-treated wood (Vernois 2001; Esteves and Pereira 2009). Even if 

heat treatment increases the hydrophobic character of the wood, it has no adverse effect on 

the wetting of wood surfaces with waterborne coatings. On the contrary, exterior 

waterborne coatings exhibit much better wetting on modified wood (Petrič et al. 2007). 

Different heat treatment methods and processes are used in many countries, and 

these applications are being further developed over the course of time (Esteves and Pereira 

2009; Sandberg et al. 2013). The heat treatment can be carried out in different atmospheric 

environments, such as air, nitrogen, and water. Each environment causes a different degree 

of variation in the properties of the treated wood (Lee et al. 2018a). Hot air, hot oil, 

hygrothermal, and hydrothermal processes are commonly used heat treatment methods. 

The main differences between these methods are based on the treatment conditions applied 

(wet and dry treatment, heating medium, use of protective gas, heating and cooling phases, 

application time, etc.), the equipment required for heat treatment application (heat 

treatment boiler, treatment furnace, etc.), and the wood material properties used (wood 

species, moisture content, dimensions, etc.) (Boonstra 2008). 

The color stability resistance of heat-treated wood to external environmental 

conditions is better than that of untreated wood. However, if the surface of heat-treated 

wood is not coated with a preservative, discoloration occurs, as in untreated wood 

(Syrjanen and Kangas 2000; Ayadi et al. 2003). It is well known that the dimensional 

stability and biological resistance of heat-treated wood material increases, depending on 

the application parameters. However, as with untreated wood, heat-treated wood is affected 

by various environmental factors and especially its aging performance decreases. For this 

reason, it is important to cover the heat-treated wood with a surface material, such as 

varnish and paint, to preserve the positive properties imparted to the wood by heat 

treatment for a longer period. 
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Varnishes and paints are commonly used surface treatments to protect wood and 

give it an aesthetic appearance, and they form the outermost layer of treated wood. Alkyd 

(oil-based), polyurethane, acrylate, polyester, and nitrocellulose are widely used as binder 

resins for varnishes or paints. In addition, special resins can be obtained by using 

combinations of these resins in different amounts (Sönmez and Budakçı 2004; Sönmez 

2005; Rowell 2012). In the selection of the binder resin, the place where wood or wood-

based materials will be used and the possible effects it may encounter here are decisive. 

The objective of the present study was to determine the adhesion strength performance and 

pendulum hardness properties of varnishes with different structures applied to heat-treated 

wood surfaces by different methods at various temperature levels. 

 

 

EXPERIMENTAL 
 

Materials 
Wood material  

Scotch pine (Pinus sylvestris L.) and European beech (Fagus sylvatica L.) woods 

were studied because they are widely used in the furniture industry and decoration 

applications. Woods with a moisture content of approximately 11% were selected 

randomly from a timber company in Düzce, Turkey. Wood specimens were cut in draft 

dimensions of 15 mm × 70 mm × 350 mm (tangential × radial × longitudinal) from 

sapwood of boards. Before heat treatment, the specimens were held in a conditioning cabin 

of relative humidity (RH) 65% at 20 °C until they reached a stable weight. The air-dry 

density of pine and beech specimens was 572 and 587 kg/m3, respectively. 

 

Heat treatments 

Heat treatments of the pine and beech specimens were carried out under three 

different conditions: steam treatment method (STM), oil treatment method (OTM), and 

hot-air treatment method (HTM). For all heat treatment methods, the wood specimens were 

heat treated at three different targeted temperature levels (170 °C, 190 °C, and 210 °C). 

For all three methods, the heat treatment time at the target temperatures was 2 h and the 

total heat treatment time was 36 h. Thus, it was ensured that the heat treatment temperatures 

and times were equal in all methods. 

The STM process was performed in three stages: (1) drying at elevated temperature, 

(2) thermal treatment, and (3) cooling and conditioning; and under the protection of water 

vapor according to the methods described in the ThermoWood Handbook (Finnish 

ThermoWood Association 2003). In the OTM process, wood specimens were first 

impregnated with linseed oil. Before impregnation, the specimens were dried at 60 °C for 

48 h and weighed. Linseed oil was diluted with a synthetic thinner at the rate of 25% by 

weight. A cylindrical tank assembly with a vacuum holder was used in the impregnation 

of the wood specimens. A pre-vacuum equivalent pressure of 760 mm Hg was applied to 

the specimens for 30 min and then the pressure of 8 bar was applied for 30 min.  

The OTM and HTM processes were completed under atmospheric pressure for 

targeted temperatures and times. After all heat treatment processes, the specimens 

remained in a conditioning cabin (RH 65% ± 3% and 20 °C ± 2 °C) until they reached a 

stable weight. Then, specimens were cut in final dimensions of 10 mm × 60 mm × 80 mm 

(tangential × radial × longitudinal). The test specimens were prepared in a number (216 

pieces for each wood species and 432 pieces in total) sufficient to accommodate six 
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repetitions (n = 6) for each variable in the study. Then, the surfaces of the specimens were 

sanded with 150 and 180 grit sandpaper, respectively, and the dust was removed with the 

help of compressed air and a cloth, and the specimens were made ready for varnishing. 

 

Application of varnishes 

Water-based, oil-based, and polyurethane-based (two-component) wood varnishes 

were used for the coating of heat-treated and control wood specimens. In the selection of 

varnish types, the fact that they are frequently preferred for interior or exterior applications 

has been effective. Some technical specifications of the varnishes used are shown in Table 

1. The recommendations of the varnish manufacturers were taken into consideration in the 

preparation and application of varnishes. 

 

Table 1. Some Properties of Varnishes 

Type of 
Varnish 

pH  
Density 
(g/cm³) 

Application 
Viscosity 
 (sn/DIN 

Cup 
4 mm/20 

°C) 

Amount of 
Varnish 
Applied 
 (g/m²) 

Solid 
Content 

(%) 

Method of 
Application 

Gun Tip 
Opening 

(mm) 

Water-based 8.1 0.93 18 80 33.5 Brush - 

Polyurethane 
(filling) 

6.7 1.01 18 100 40.4 Spray gun 1.8 

Polyurethane 
(topcoat) 

5.5 0.99 18 100 41.1 Spray gun 1.8 

Oil-based 6.2 0.94 18 100 49.9 Brush - 

 

Polyurethane-based varnishes were applied as filler coat and topcoat. The 

polyurethane filler varnish was applied in two cross coats, and after waiting for 12 h the 

surfaces of the specimens were sanded with 320-grit sandpaper. Then, polyurethane 

topcoat varnish was applied to the surfaces of the dust-cleaned specimens in two cross 

coats with an interval of 20 min. Water-based varnish was applied in three coats with an 

interval of 4 h, and oil-based varnish was applied in three coats with an interval of 24 h. 

For both varnishes, the surfaces were lightly sanded with 320-grit sandpaper between coats. 

After varnish applications, all specimens were kept parallel to the ground plane and under 

ambient conditions (about 22 °C and RH 60%) for four weeks. Before the tests, the 

specimens were conditioned at 23 °C ± 2 °C and RH 50% ± 5% for 24 h. 

 

Methods 
Determination of retention 

The retention amount values of wood specimens impregnated with linseed oil were 

determined using Eq. 1, 

Amount of retention (kg/m3) = (G × C) / V × 10    (1) 

where G is the amount (g) of linseed oil absorbed by the specimens, C is the concentration 

(%) of the linseed oil solution, and V is the volume (cm3) of the wood specimens. 

 

Pendulum hardness measurement 

Pendulum hardnesses were determined in accordance with TS EN ISO 1522 (2022) 

and according to the König measurement method (Pendulum Damping Tester, Model 
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299/300 Erichsen, Hemer, Germany). Surface hardness measurements of the control and 

treated wood specimens were made by counting the oscillations from 6º to 3º of the 

pendulum oscillating with two balls with a hardness of 63 ± 3.3 HRC and a diameter of 5 

± 0.0005 mm. Surfaces with a high number of oscillations are hard and those with fewer 

oscillations have lower hardness (Sönmez 1989). 

 

Adhesion strength measurement 

The adhesion strength (or pull-off) of the varnishes was determined by Positest AT-

A tester (DeFelsko Corporation, Ogdensburg, NY, USA) in accordance with TS EN ISO 

4624 (2016). Experiment cylinders with a diameter of 20 mm were adhered to the specimen 

surfaces at room temperature (about 22 °C) with the help of a mold. The specimens were 

kept in this state for 24 h. In the gluing process, a two-component epoxy resin adhesive 

with 150 ± 10 g/m2 calculation was used, which has no dissolving effect on the varnish 

layer. The varnish layer around the glued cylinders was cut with an apparatus to ensure that 

the rupture occurred from the varnish layer. Then, the pulling speed of the test device was 

set to 0.5 mm/min and the tests were conducted. If adhesion failure occurred after the test, 

the process was repeated. The adhesion strength of the varnishes was calculated according 

to Eq. 2, 

Adhesion strength (MPa) = 4F / π.d2      (2) 

where F is the rupture force (N) and d is the diameter of the experiment cylinder (mm). 

 

Statistical analysis 

The MSTAT-C 2.1 statistical software (Michigan State University, East Lansing, 

MI, USA) was used for data analysis. Analysis of variance (ANOVA) tests were performed 

to determine the effect of heat treatments applied by different methods and at different 

temperatures on hardness and adhesion strength of varnishes applied to pine and beech 

wood specimens at the 0.05 significance level. Duncan’s one-way tests were conducted for 

comparisons between the means of the selected properties for each wood species. 

 

 

RESULTS AND DISCUSSION 
 

The mean amount of retention determined for pine and beech specimens pre-

impregnated with linseed oil before OTM was 318 and 394 kg/m3, respectively. The 

amount retained was higher in beech wood. It can be said that the impregnability properties 

of the wood species affected the results. 

The ANOVA results for pendulum hardness and adhesion strength of wood 

samples heat-treated under different conditions and coated with different varnishes are 

shown in Table 2. According to the findings, the effects of heat treatment method, heat 

treatment temperature, and varnish type on tested properties for pine and beech woods were 

statistically significant (p ≤ 0.05). Only the effect of heat treatment method on adhesion 

strength of beech specimens was insignificant. 

The highest hardness average regarding heat treatment method was in the 

specimens treated with STM and HTM (81.05 and 80.95 for pine; 86.67 and 86.77 for 

beech, respectively), while the lowest was obtained in the specimens treated with OTM 

(73.84 for pine and 80.59 for beech) (Table 3).  For both wood species, the surface hardness 

values of the STM and HTM treated specimens were similar. At all temperature levels, 
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both before and after varnishing, hardness values were lower in OTM-treated specimens 

(Fig. 1). In these specimens, it was observed that the linseed oil impregnation before heat 

treatment had a reducing effect on the hardness values and the same effect continued after 

varnishing. 

 
Table 2. ANOVA Results for Hardness and Adhesion Strength of Wood 
Specimens 

Wood Species Source 
Pendulum Hardness Adhesion Strength 

F-ratio p-value F-ratio p-value 

Pine 

Heat treatment 
method (A) 

135.918 0.0000* 22.4013 0.0000 

Heat treatment 
temperature (B) 

6.8447 0.0002 116.731 0.0000 

Varnish type (C) 13946.6 0.0000 146.652 0.0000 

Interaction (ABC) 2.8708 0.0001 0.8337 NS 

Beech 

Heat treatment 
method (A) 

115.050 0.0000 1.2285 NS 

Heat treatment 
temperature (B) 

4.5152 0.0042 156.373 0.0000 

Varnish type (C) 14838.5 0.0000 221.214 0.0000 

Interaction (ABC) 2.8964 0.0001 2.6078 0.0032 

* Significant at 95% confidence level; NS: not significant 

 

Table 3. Duncan’s Test Results for Means of Hardness and Adhesion Strength 
Values 

Factor 

Pine Beech 

Pendulum 
Hardness 

Adhesion 
Strength (MPa) 

Pendulum 
Hardness 

Adhesion 
Strength (MPa) 

Mean SG Mean SG Mean SG Mean SG 

Heat Treatment Method 

STM 81.05 a 2.91 a 86.67 a 2.95 a 

OTM 73.84 b 2.67 b 80.59 b 3.03 a 

HTM 80.95 a 3.00 a 86.77 a 2.97 a 

Heat Treatment Temperature 

Untreated 80.17 a 3.51 a 85.17 a 3.72 a 

170 °C  77.71 b 2.75 b 84.08 b 2.96 b 

190 °C  78.31 b 2.67 b 85.56 a 2.69 c 

210 °C  78.28 b 2.52 c 83.90 b 2.57 d 

Varnish Type 

Unvarnished 54.18 c - - 72.35 c - - 

Water-based 95.31 b 2.72 b 98.88 b 2.83 b 

Polyurethane 137.7 a 2.52 c 139.0 a 2.54 c 

Oil-based 27.25 d 3.35 a 28.53 d 3.57 a 

SG: statistical group (different letters denote significant differences) 
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For pine wood, the maximum hardness average in the heat treatment temperature 

level was obtained in the untreated specimens (80.2) and the minimum was determined in 

specimens that were heat treated at 170, 190, and 210 °C (77.7, 78.3, and 78.3, respectively) 

and the difference between them was statistically insignificant. For beech wood, the 

maximum hardness average was obtained in the specimens untreated and heat treated at 

190 °C (85.2 and 85.6) and the minimum was determined in specimens heat treated at 170 

°C and 210 °C (84.1 and 83.9, respectively) (Table 3). For both unvarnished and varnished 

specimens, the hardness values after STM and HTM processes increased slightly compared 

to untreated specimens (Fig. 1).  

 

 

 
 

Fig. 1. Pendulum hardness values of heat treated and varnished pine and beech specimens 
 

This was due to the decrease in the EMC of the specimens after heat treatment. It 

is well known that the EMC of heat-treated wood is lower than that of untreated wood 

(Esteves and Pereira 2009; Boonstra 2016; Gérardin 2016; Hill et al. 2021). In the 

literature, it has been reported that excess moisture in the wood material has a decreasing 

effect on the surface hardness value and higher surface hardness values were obtained at 

8% moisture content compared to 10% and 12% moisture content (Sönmez et al. 2011). 

Contrastingly, surface hardness values decreased after OTM compared to untreated 

specimens. However, in all methods, it was observed that the variation in heat treatment 
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temperature did not have a significant effect on the hardness values (Fig. 1). 

In a previous study, it was stated that for heat-treated (by ThermoWood method) 

and varnished pine wood, the pendulum hardness of heat-treated specimens at lower 

temperature and time increased, but the hardness decreased again with the increase in 

temperature and time (Gurleyen et al. 2017). Çakıcıer et al. (2011) reported that the surface 

hardness of varnished samples after heat treatment was lower than that of varnished 

untreated samples and that the surface hardness generally decreased with increasing heat 

treatment temperature and time for the varnishes and wood species used in the study. 

Regarding varnish type, the highest hardness average for both wood species was in 

the specimens with polyurethane-based varnish applied (137.7 for pine and 139.0 for 

beech), while the lowest was obtained in the specimens with oil-based varnish applied (27.2 

for pine and 28.5 for beech) (Table 3). For all heat treatment methods and temperatures, 

the hardness value increased in the specimens coated with polyurethane- and water-based 

varnish compared to the samples unvarnished (Fig. 1). This was attributable to the fact that 

the hardness of the dried varnish layer is higher than the surface hardness of the wood 

material. In the oil-based varnish-coated specimens, the surface hardness value decreased 

compared to the unvarnished specimens. It can be said that the formation of a more flexible 

layer on the wood material surfaces, depending on the resin properties of oil-based 

varnishes, had an effect on the results. A previous study stated that oil-based varnishes give 

softer and more flexible layers than other varnishes due to the oil alkyds used in their 

production and that when these oils are used in excess, layer hardness decreases and 

flexibility increases (Sönmez and Budakçı 2004). 

With respect to heat treatment method, the highest adhesion strength average for 

pine wood was determined in the specimens treated with STM and HTM (2.91 and 3.00 

MPa) and the lowest was found in the specimens treated with OTM (2.67 MPa). For beech 

wood, the difference between heat treatment methods on adhesion resistance averages was 

statistically insignificant (Table 3). At all temperature levels, the adhesion strength of 

STM- and HTM-treated specimens were similar. The adhesion strength of OTM-treated 

pine and beech specimens was generally lower. This is more pronounced in pine 

specimens. However, as an exception, beech specimens treated with OTM and coated with 

oil-based varnish showed higher adhesion strength than the other two methods (Fig. 2). It 

was observed that pre-impregnation with linseed oil in the OTM process negatively 

affected the varnish adhesion strength, especially in pine specimens. This is because the 

dried oil layer settling in the wood material cavities reduced the mechanical adhesion 

between the varnish and the wood material. In previous studies, it was reported that the 

adhesion resistance of subsequently applied varnishes or paints decreased for wood 

materials treated with oil-containing preservatives (Sönmez and Budakçı 2001; Budakçı 

and Sönmez 2005). In addition, it was stated that the adhesion strength of water-based 

varnish decreased in pine and fir wood samples heat-treated with linseed oil (Kesik et al. 

2017). 

The highest adhesion strength average for both wood species in the heat treatment 

temperature level was obtained in the untreated specimens (3.51 MPa for pine and 3.72 

MPa for beech), while the lowest was determined in the specimens heat treated at 210 °C 

(2.52 MPa for pine and 2.57 MPa for beech) (Table 3). After the heat treatments applied 

by all methods, the adhesion strength values decreased compared to the control (non-heat 

treated) specimens. In STM and HTM methods, the adhesion strength values also 

decreased with the increasing heat treatment temperature (Fig. 2).  
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Fig. 2. Adhesion strength values of varnishes applied to heat treated pine and beech specimens 

 

Observations after the adhesion test on these samples showed that the ruptures were 

generally in the form of fiber rupture from the wood material. In the literature, it was 

reported that varnish adhesion strength decreases with increasing temperature after heat 

treatment and this is due to possible weakening of intermolecular bonds as a result of 

thermal degradation of the chemical components of wood. This indicates that the adhesion 

bonds between the varnish layer and wood are higher than the cohesive bonds of wood 

molecules that are degraded by heat treatment (Pelit 2014). In addition, the low adhesion 

strength of heat-treated wood was attributed to microcracks in the wood cell walls (Can et 

al. 2021). In different previous studies, it has been reported that the varnish adhesion 

strength of wood material is negatively affected by increasing the heat treatment 

temperature or duration (Özalp et al. 2009; Atar et al. 2015; Kesik and Akyıldız 2015; 

Ayata et al. 2017; Gurleyen et al. 2019; Can et al. 2021; Krystofiak et al. 2022). In contrast, 

the effect of the increase in heat treatment temperature on varnish adhesion resistance was 

not significant in the OTM method (Fig. 2).  
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Regarding varnish type, the highest adhesion strength average for both wood 

species was determined in the specimens with oil-based varnish applied (3.35 MPa for pine 

and 3.57 MPa for beech), and the lowest was obtained in the specimens with polyurethane-

based varnish applied (2.52 MPa for pine and 2.54 MPa for beech) (Table 3). In STM- and 

HTM-treated specimens, higher adhesion strength values were determined for water-based 

varnish than polyurethane-based varnish. However, in OTM-treated specimens, adhesion 

strength values were generally higher for polyurethane-based varnish. For all heat 

treatment methods, the most successful results in adhesion strength were obtained with oil-

based varnish (Fig. 2). It is thought that the better penetration of the oil-based synthetic 

varnish into the heat-treated wood specimens and thus the formation of a stronger 

mechanical adhesion affects the results. In a previous study, it was reported that the highest 

adhesion strength values for various varnishes applied to heat-treated wood materials at 

different temperatures and times were obtained in oil-based varnish specimens (Yalınkılıç 

2013). 

 

 
CONCLUSIONS 
 

1. In the present study, the effects of heat treatments applied under different conditions 

on the adhesion strength and pendulum hardness properties of some varnishes applied 

on pine and beech wood surfaces were investigated. Both hardness and adhesion 

strength values of steam (STM) and hot air (HTM) treated specimens were similar at 

all temperature levels and for both wood species. In contrast, these were generally 

lower in oil (OTM) treated specimens. However, adhesion strength was higher in 

OTM-treated and oil-based varnished beech specimens compared to the other two 

methods. 

2. The hardness values of the STM- and HTM-treated specimens increased slightly 

compared to the untreated specimens, while the hardness values of the OTM-treated 

specimens decreased. However, for all methods, the difference in heat treatment 

temperature did not have a significant effect on hardness values. In contrast, adhesion 

strength decreased after all heat treatments compared to untreated specimens. In STM- 

and HTM-treated specimens, adhesion strength also decreased with increasing 

temperature. However, the effect of increase in heat treatment temperature on adhesion 

strength was not evident in OTM-treated specimens. 

3. For all heat treatment methods and temperatures, hardness increased for polyurethane- 

and water-based varnish coated specimens compared to unvarnished specimens but 

decreased for oil-based varnish-coated specimens. However, the most successful 

results in terms of adhesion strength in all wood specimens were obtained with oil-

based varnish.  

4. As a result, it was seen that the heat treatments applied under different conditions had 

varying effects on the determined layer properties of the varnishes. For long-term 

durability, it may be recommended to choose the varnish type depending on the heat 

treatment method and temperature applied to the wood specimens. 
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