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Abstract: Oil-heat treatment is an environmentally friendly method to improve dimensional stabilization of wood. In this 

process, vegetable oil is used as a heating medium in different temperatures and times.  In this study, maritime pine (Pinus 

pinaster marittima) and poplar (Populus euroamericana) samples subjected to oil heat treatment with safflower, linseed and 

hazelnut oil at 160 °C, 180 °C and 200 °C for 2,4 and 6 hours respectively.  Water soaking was performed to untreated and oil-

heat treated samples for two weeks. In this period water uptake and tangential swelling of the samples were measured.  In 

addition, compression strength of the samples was determined parallel to the fiber direction.  According to the results, oil-heat 

treatment considerably reduced the water uptake in maritime pine and poplar while the performance of only vacuum heat 

treatment was similar with control samples. The improvement in tangential swelling was clearly shown in the poplar samples 

rather than maritime pine.   Vacuum-heat treatment and oil-heat treatment increased the compression strength of maritime pine 

compared to control samples. 
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Yağlı ısıl işlem uygulanmış sahil çamı ve kavak örneklerinin bazı fiziksel ve 

mekanik özellikleri 

 
Özet: Yağlı ısıl işlem ahşabın boyut stabilizasyonunu arttırmak için çevre dostu bir yöntemdir. Bu işlemde yağ farklı sıcaklık ve 

sürelerde ısı ortamı olarak kullanılmaktadır. Bu çalışmada; sahil çamı (Pinus pinaster marittima ) ve kavak (Populus 

euroamericana ) odun örnekleri aspir yağı, keten yağı ve fındık yağı ile 160 °C, 180°C ve 200°C’de 2,4 ve 6 saat süre ile ısıl 

işleme tabi tutulmuşlardır.  Yağsız ve yağlı ısıl işleme maruz bırakılmış odun örnekleri için 2 hafta boyunca su alma testi 

gerçekleştirilmiştir. Bu süreçte örneklerin su alma ve teğetsel genişleme değerleri ölçülmüştür. Ayrıca örneklerin liflere paralel 

basınç direnci değerleri tespit edilmiştir. Elde edilen sonuçlara göre yağlı ısıl işlem sahil çamı ve kavak örneklerinin su alma 

oranlarını önemli ölçüde azaltırken, vakum altında ısıl işlem uygulanan örnekler kontrol ile benzer davranışlar sergilemiştir.  

Kavak örneklerinde teğetsel genişleme sahil çamı örneklerine kıyasla gözle görülür oranda iyileşmiştir.  vakum-ısıl işlem ve yağlı 

ısl işlem kontrol örneklerine kıyasla sahil çamının basınç direncini artırmıştır.  

Anahtar kelimeler: Yağlı ısıl işlem, Vakumlu ısıl işlem, Aspir, Keten yağı, Fındık yağı 

 

 

1. Introduction 

 

Wood modification improves dimensional stabilization 

of wood, and gains resistance against the biological 

organisms such as fungi and insect. According to Hill 

(2006), thermal modification is performed between 180 °C 

and 260 °C, while the lower temperatures below 140 °C 

bring about slight changes in the properties of wood, higher 

temperatures cause degradation in the structure of the 

material.  On the other hand, thermal treatment of wood in a 

hot oil is an another option since the boiling point of the 

many vegetable oils are higher than the temperatures to be 

used for the heat treatment of wood. Thus, wood properties 

can be improved by oil-heat treatment (OHT) due to the 

behavior of boiling oil in comparison to heat treatment, 

which take place in the presence of inert gas.  Oil-heat 

treatment plant was commercially developed by Menz-Holz 

in Germany. In this process, the temperature at 220 °C was 

suggested to obtain maximum durability and minimum oil 

consumption, for maximum durability and maximum 

strength the temperatures between 180 °C and 200 °C are 

used with a controlled oil uptake, and crude vegetable oil 

like rape seed, linseed or sunflower oil as heating medium  

(Rapp and Sailer, 2000). 

The research experiments regarding vegetable oils in the 

modification of wood have increased in the last decade. 

With the heat treatment of wood, improvements in 

hygroscopicity and dimensional stability is explained by 

chemical reactions due to the high temperature. Heat 

treatment in an oil bath also improves the performance of 

wood, especially by reducing the water uptake (Wang and 

Cooper, 2005).   

Awoyemi et al. (2009) studied with the ponderosa pine 

and black spruce in soybean oil at 220 °C for 2 hours 

following cooling inside the hot oil at 180 °C and 135 °C, 

resulting in the oil uptake increasing with the cooling time. 

Thereby, higher reductions in water uptake and swelling 

were obtained with the higher hydrophobicity and 
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dimensional stability through oil cooling for both species. 

Swelling and moisture uptake of poplar were investigated 

with sunflower, linseed and rapeseed oil by oil heat 

treatment process. Equilibrium moisture content (EMC) and 

swelling were reduced by OHT. Duration and temperature 

were important parameters affecting the degree of swelling, 

and increasing in these parameters resulted in decreasing in 

the EMC and increasing in anti-swelling efficiency (ASE) 

(Bak and Nemeth, 2012a). Treatment of aspen wood in hot 

linseed oil can improve the EMC and volumetric shrinkage 

and increase the decay resistance. Higher resistance against 

white and brown rot fungi was achieved by the higher 

temperature in the process (Bazyar, 2012). 

The objective of this study was to investigate the effect 

of oil-heat treatment in different temperatures and durations 

with safflower oil, hazelnut oil and linseed oil as a reference 

on some physical and mechanical properties of maritime 

pine and poplar as well as compare the vacuum-heat 

treatment and oil-heat treatment process. 

 

2. Material and Methods 

 

2.1. Material 

 

Maritime pine (Pinus pinaster) and poplar (Populus 

euroamericana) samples were selected as wood species, 

because they are both fast growing. The timbers were free of 

defects and discoloration, cut into the small sizes according 

to the experiments for water uptake and compression 

strength. 

The vegetable oils (safflower, hazelnut and linseed oil) 

used in the study were obtained from a company ONEVA 

(Istanbul) where the production is based on special cold 

press method. Cold press method is used without any 

thermal or chemical treatment. The vegetable oils 

mentioned above were used in the hot oil treatment.  

 

2.2. Methods 

 

Vacuum-heat treatment: In this process, wood 

specimens were exposed to selected temperatures at 160 °C, 

180 °C and 200 °C for 2, 4 and 6 hours respectively. The 

samples placed in to oven when the target temperature was 

reached, at the same time vacuum process was started (675 

mmHg - 2, 4 and 6 hours). 

Oil-heat treatment: Before oil heat treatment, wood 

samples were oven dried at 103 °C until the constant weight. 

Dried wood samples were placed in 250 ml beakers and 

stone weights were placed on them to prevent floating of the 

samples. Safflower, hazelnut and linseed oils were poured 

into glass beakers 1 liter in size for each one and placed in 

the oven, exposed to heating until to the 160 °C, 180 °C and 

200 °C respectively. The temperature of the oil was 

monitored with a thermometer during the heating stage. 

When the temperature of the oil reached to target 

temperature hot oil poured in to beakers with wood samples 

left in the oven for 2, 4 and 6 hours. At the end of the 

treatment time for each oil, the wood samples taken from 

the hot oil.  

Water uptake: Wood samples with the dimensions of 20 

x 20 x 10 mm (RxTxL) were used for water uptake. The 

dimensions and weights of the test and control samples were 

measured in the oven dry conditions before water 

absorption. The samples were soaked in deionized water in 

the jars. The samples were weighed at 2, 4, 6, 24, 48, 72 

hours, 1 and 2 weeks intervals during the water uptake test. 

Water absorption was calculated based on the weight 

differences for individual samples according to formula 1. 

 

WA =  
W2−W1

W1
 X 100        (1) 

 

where  

W2 is the weight of the samples after soaking (g), W1 is 

the oven dried weight of the samples (g),  

 

Tangential swelling: Tangential swelling was performed 

on the control and test samples exposed to water uptake. 

The lengths of the wood samples in the tangent direction 

were measured by digital calipers at the specified periods. 

The expansion ratio was calculated from the difference in 

the tangential direction for each sample before and after 

water soaking to the following formula 2. 

 

TG (%) =  
T2−T1

T1
 X 100     (2) 

 

T2 is the tangential length at any given time during water 

soaking (mm) and T1 is the Tangential length of the oven-

dried wood (mm). 

 

Compression strength: Wood samples were prepared in 

the dimensions of 20 x 20 x 30 mm (tangential x radial x 

fiber direction) in accordance with the TS 2472 (2005) 

standard. Before experiment, wood samples kept in the 

chamber at 21 °C and 65% RH to the equilibrium moisture 

content. Compression force was applied on the samples 

parallel to the fiber direction by Universal test machine. 

Compression strength is calculated according to the formula 

3. 

 

σß =  
𝐹𝑚𝑎𝑥

𝑎𝑥𝑏
     (3) 

 

σß: compression strength parallel to the fiber direction 

(N/mm²) 

Fmax: Maximum crushing load (N) 

a and b: cross section of the sample (mm) 

 

3. Results and discussion  

 

In the present study, weight percent gains (WPG) of the 

wood samples were not given since they did not make sense 

under different temperature and durations. It might be 

attributed to the cooling period which was not allowed to 

the oil-heat treated samples. Earlier authors drew attention 

to the cooling period which resulted in the increasing of 

WPG (Awoyemi et al., 2009; Dubey et al., 2012).  Another 

reason might be the selection of the wood samples from the 

different batches.   

 

3.1. Water uptake 

 
Figure 1 showed that the most important finding 

regarding maritime pine was that the water uptake of the 

control samples which was much higher than oil-heat 

treated samples. When examined the only vacuum heat 

treated samples they gave similar results with the control 

samples in relation to water uptake.  
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At the beginning of the test (2 hours), water absorption 

of the samples heat treated at 200 °C was lower than those 

vacuum heat treated at 160 °C and 180 °C, but this 

difference was disappeared when the soaking time reached 

to 336 hours.   It is stated that the reducing in hygroscopy of 

wood is attributed to the mass loss resulting from the 

degradation of hemicellulose, the most hydrophilic 

component in the cell wall, during the thermal treatment 

(Bourgois and Guyonnet, 1988). Metsä-Kortelainen et al. 

(2006) pointed out a noticeable exception in their study on 

the water absorption of sapwood and heartwood of Scots 

pine and Norway spruce heat-treated at 170 °C, 190 °C, 

210 °C and 230 °C. In that study, water absorption of Scots 

pine sapwood was increased by heat treatment at 170 °C, 

190 °C and 210 °C compared to the reference samples. 

 
Treatment with safflower oil resulted in higher water 

uptake especially at 200 °C for 4 and 6 hours.  In first two 

hours, lower absorption was obtained to the samples treated 

at 180 °C, then ranged from 24% to 34%. At the 

temperatures of 160 °C and 180 °C water absorption 

increased in the case of 6 hours treatment with safflower oil. 

However, the low water uptake at 160 °C for 2 hours was a 

surprising finding to maritime pine.   

When used linseed oil, the best results regarding water 

uptake were obtained by the treatments including 180 °C for 

2 h (24 %) and 160 °C for 6 h (28 %), whereas the highest 

water uptake occurred at 200 °C for 2 h (71 %). 

Wood samples treated with hazelnut oil had less impact 

on water uptake when the heating applied at 160 °C 

particularly for 2 and 4 h. However, heating at 180 °C for 2 

and 4 h effectively reduced the water uptake. This was also 

maintained at 200 °C for 2h. However, treatment time over 

2 h increased the hazelnut oil absorption at 200 °C in 

maritime pine.      

 

 
Figure 1. Water uptake of vacuum- heat treated maritime pine (A), heat treated with safflower oil (B), heat treated with 

linseed oil (C), heat treated with hazelnut oil (D) 

 

 
Figure 2. Water uptake of vacuum-heat treated poplar (A), heat-treated with safflower oil (B), heat-treated with linseed oil 

(C), heat-treated with hazelnut oil (D) 
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When examined the results with poplar samples, Figure 

2 (B) illustrates that the poplar control samples showed 

either little bit higher or lower water uptake than heat-

treated samples to the soaking period ranged from 2 h to 168 

h.  However, the difference in water uptake between control 

and heat-treated samples was more distinct after 168 h 

soaking. It is understood from these results that heat treated 

wood under vacuum is susceptible to water absorption like 

control samples. As it was in maritime pine, water uptake of 

the poplar control samples maintained higher trend than oil 

heat-treated samples for overall durations from 2 hours to 

336 hours. However, the difference in water uptake was 

very low between control and only heat-treated samples, 

even if it was some higher in the last period, when 

compared to oil heat treatment.    

Treatment with safflower oil resulted in better result at 

180 °C (34.01%) and 200 °C (40.49%) for 2 h respectively, 

whereas increasing in the duration increased the water 

uptake at these temperatures in poplar. When used the 

linseed oil, the water uptake was much lower than those 

treated with safflower oil. For instance, water uptake was 

ranged from 26% to 51% depending on the temperature and 

time in the case of linseed oil, whereas it was between 34% 

and 97% with safflower oil. Modification of poplar with 

hazelnut oil highly improved the water uptake compared to 

the control samples. The rate of water absorption varied 

depending on the temperature and duration. The absorption 

was relatively lower at 180 °C and 200 °C for 2 h than other 

variations.    

Salim et al. (2010) reported that bamboo became less 

hygroscopic using crude palm oil due to the higher 

temperature at 220 °C and 180 °C in addition to longer heat 

treatment like 60 min. Bak and Nemeth (2012), conducted 

studies on poplar wood with similar parameters within the 

our study including the temperatures at 160 °C and 200 °C 

for 2, 4 and 6 hours, and sunflower, linseed and rapeseed oil 

as heating medium. They found that there was no significant 

difference among the vegetable oils with regard to anti-

swelling efficiency. They obtained the best dimensional 

stabilization in the radial and tangential direction with the 

linseed oil. In addition, in the evaluation of EMC results, 

treatment at 160 °C for 6 hours was better than treatment at 

200 °C for 2 hours. The moisture content was lower in oil 

heat-treated wood than untreated wood, and treatment at 200 

°C resulted in the best. Bazyar (2012), found lower water 

absorption (22.9%) at the temperature of 200 °C and the 

highest water absorption (99.99%) in the control samples 

when aspen wood exposed to oil heat treatment with linseed 

oil.  

 

3.2. Tangential swelling (TG %) 

 

After water uptake test, control samples of maritime 

pine showed partially similar TG behavior with only heat 

treated samples, while treatment at 200 °C for 4 hours 

improved the tangential swelling by 14.90% compared to 

control samples (5.67%). Minimum TG values were 

obtained by heat treatment alone at 160 °C, 180 °C and 200 

°C for 4 hours. This was confirmed by figure 3 (A) which 

indicated that 4 hours heat treatment was more suitable in 

maritime pine to reduce TG. Kamperidou et al. (2013) 

examined the water absorption and swelling properties of 

Scots pine samples which were subjected to thermal 

treatment at 200 °C, for 4, 6, and 8 h. They found that 

swelling percentage in the tangential direction decreased by 

10.26%, 17.22%, and 19.60% respectively after 72 h 

immersion. In addition, absorption percentage decreased by 

0.77%, 6.52%, and 17.57% respectively.    

 

 
Figure 3. Tangential swelling of vacuum-heat treated maritime pine (A), heat treated with safflower oil (B), heat treated with 

linseed oil (C), heat treated with hazelnut oil (D) 
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In the present study, TG values showed decrease for all 

temperatures and durations in the case of safflower oil in 

comparison to the control samples after 2 weeks in maritime 

pine. The lowest TG values were obtained by heat treatment 

using safflower oil for 6 hours at 160 °C, with linseed oil for 

6 hours at 180 °C, and with hazelnut oil for 6 hours at 200 

°C.  Figures 3 indicated that 6 hours oil heat treatment 

generally was found to be effective in the improvement of 

tangential swelling, however, the degree of temperature 

showed difference according to the oil type used in the 

study (Fig. 4).  

In the poplar control samples, the tangential swelling 

value was 7.12% at the beginning (2 hours) of soaking but, 

then reached to 11.63% after 336 hours. It was also shown 

that vacuum-heat treatment alone significantly reduced the 

tangential swelling, moreover the difference in temperature 

and duration during heat treatment did not considerably 

effect the tangential swelling except for 200 °C for 2 hours. 

In the heat-treated samples, the lowest TG was obtained 

with the samples treated with 200 °C for 2 hours, whereas 

the highest TG was obtained by 160 °C for 4 hours. 

Tangential swelling was improved by 65% with heat 

treatment at 200 °C for 2 hours compared to the control 

samples. It can be stated that heat treatment reduces the 

tangential swelling in wood by providing dimensional 

stabilization.  

Ghalehno (2011) found a reduction by 40% in tangential 

swelling value and a reduction by 37.15% in radial swelling 

after 9 hours of heat treatment at 190 °C. In a study using 

poplar, the radial, tangential and volumetric swelling values 

of the control samples were 4.39%, 8.99% and 12.95%, 

respectively, while those of heat treated samples were 

reported to be 2.99%, 6.98% and 9.8% (Bazyar et al., 2010). 

The longer time of heat treatment such as 10 hours at 180 

°C reduced the tangential swelling by 2,6% for the samples 

of wild pear (Pyrus elaeagnifolia) (Gündüz et al., 2009). In 

another study, it was stated that heat treatment had a 

positive effect on the physical properties of wood (Ozan et 

al., 2017). 

Reduction in water uptake and improvement of water 

repellency in wood by vegetables oils were explained by 

some authors.  Vegetable oils reduce the water uptake of 

wood by creating a mechanical barrier function without any 

chemical bonding (Panov et al., 2010), and provide water 

repellency to wood by penetrating in to tracheid lumen and 

parenchyma cells (Ulvcrona, 2006). Vegetable oil filling the 

cell lumen is stored on the outer surfaces and partly the 

inner surfaces, so that the wood surface gains 

hydrophobicity. Thus, the rate of water uptake is reduced 

because the water penetrates in to wood through the pores 

with capillary action (Koski, 2008).  

When poplar wood exposed to safflower oil at 200 °C 

for 6 hours tangential swelling decreased by 70% compared 

to control samples, furthermore decreased by 41% in 

comparison to only heat treatment at 200 °C for 6h in the 

absence of oil. TG was reduced by 65% and 69% 

respectively with linseed and hazelnut oil for 6 hours at 200 

°C compared to the control samples.  

All vegetable oils used in this study for heat treatment 

lowered the TG values in poplar samples when compared to 

control samples. Overall experiments indicated that the most 

improvement in tangential swelling achieved by the 

treatment at 200 °C for 6 hours for three types of vegetable 

oils. 

 

 

 
Figure 4. Tangential swelling of vacuum-heat treated poplar (A), heat treated with safflower oil (B), heat treated with linseed 

oil (C), heat treated with hazelnut oil (D) 
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3.3. Compression strength 

 

Compression strength of maritime pine was found to be 

33 N/mm
2
 for control samplesof maritime pine. In 

comparison to the control samples, all treatments either 

vacuum-heating or oil heat treatment increased the 

compression strength in maritime pine (Table 1). To the 

heat-treated samples, compression strength decreased with 

the increasing in temperature and duration of the treatment. 

This means that the higher values of compression strength 

were obtained by the heat treatment at 160 °C. Unsal and 

Ayrilmis (2005) investigated the heat treatment of 

Eucalyptus wood at the temperatures ranged from 120° to 

180°C for durations from 2 to 10h. According to the 

findings of Eucalyptus samples, compression strength 

decreased with increasing temperature and times by overall 

treatments when they heat. In our study, there was no linear 

relationship between the temperature and duration in the 

maritime pine samples treated with hot oil. Treatment with 

safflower oil resulted in higher compression strength except 

for the treatment at 160 °C for 2 hours. However, strength 

values of safflower oil were found to be lower than only 

heat treated samples except for the treatment at 200 °C for 6 

hours.  

Compression strength of maritime pine was significantly 

reduced by linseed oil when the samples subjected to 200 °C 

for 6 hours, but other treatments with linseed oil generally 

produced high strength values particularly for 180 °C 

compared to vacuum heat treatment alone. Treatment with 

hazelnut oil usually exhibited increasing values with the 

increasing in temperature and time. In the samples treated 

with hazelnut oil at 200 °C for 4-6 hours resulted in higher 

values than other experiments with the same oil.  

Compression strength of poplar was obtained to be 

44,33 N/mm
2
 for control samples. Poplar samples gave 

lower strength values when subjected to only heat treatment 

than the control samples (Table 2).  The difference was not 

markedly higher for only heat-treated samples between 160 

°C and 180 °C or 180 °C and 200 °C.  When the poplar 

samples treated with safflower oil, the highest result of 

compression strength was given by 200 °C for 6h, and little 

differences revealed for other temperatures and time. 4 

hours duration at the temperatures 160 °C and 180 °C 

increased the compression strength when used the linseed 

oil. However, treatment at 200 °C particularly for 6h sharply 

reduced the compression strength in poplar. Treatment with 

hazelnut oil had the lowest strength values in the case of 160 

°C for 2 h (12,50 N/mm
2
) and 200 °C with 6 h (27,75 

N/mm
2
), the other temperatures and durations displayed 

higher compression strength. Bak and Nemeth (2012b), 

found increasing in compression strength by 15-25% in the 

oil-heat treatment of poplar with the increasing time and 

temperature.        

In our study, it was shown that oil-heat treatment 

showed little increase and decrease in the compression 

strength of the poplar depending on the oil type, temperature 

and duration.  

 

 

Table 1. Compression strength of oil-heat treated maritime pine (N/mm
2
) 

Treatments Vacuum-heat treatment Safflower oil Linseed oil Hazelnut oil 

160 ºC-2h 69,20(1,48) 34,00(3,46) 56,67(5,51) 57,00(2,00) 
160 ºC-4h 66,60(2,61) 47,00(4,36) 62,75(4,43) 62,00(8,66) 

160 ºC-6h 65,50(1,91) 57,50(0,71) 67,00(6,00) 52,33(2,52) 

180 ºC-2h 60,40(4,51) 61,50(0,71) 69,50(3,00) 47,50(3,54) 
180 ºC-4h 59,20(2,86) 52,33(5,51) 67,33(7,02) 56,33(2,08) 

180 ºC-6h 57,60(2,61) 51,00(4,32) 69,25(4,79) 60,40(5,27) 

200 ºC-2h 56,67(5,51) 50,50(3,70) 60,40(4,98) 55,50(2,89) 
200 ºC-4h 50,80(3,56) 48,25(1,89) 52,00(3,46) 64,33(3,06) 

200 ºC-6h 47,75(3,69) 61,00(5,29) 35,67(5,03) 64,00(3,46) 
*Control: 33,00 (5,18)   

 

 

Table 2. Compression strength of oil-heat treated poplar (N/mm
2
) 

Treatments Vacuum-heat treatment Safflower oil Linseed oil Hazelnut oil 

160 ºC-2h 42,20 (2,59) 46,40 (3,51) 41,75 (3,30) 12,50 (0,71) 

160 ºC-4h 39,00 (4,24) 41,50 (1,73) 51,67 (1,53) 38,00 (3,61) 
160 ºC-6h 37,75 (2,50) 39,50 (4,95) 46,20 (2,05) 38,00 (4,24) 

180 ºC-2h 38,60 (1,82) 45,00 (3,56) 41,50 (3,87) 45,00 (1,73) 

180 ºC-4h 37,20 (1,92) 44,20 (4,92) 50,50 (3,32) 47,00 (5,57) 

180 ºC-6h 36,00 (2,12) 44,00 (0,00) 49,00 (0,00) 49,50 (4,20) 

200 ºC-2h 36,75 (1,50) 49,80 (3,11) 42,67 (4,93) 43,00 (1,00) 

200 ºC-4h 34,50 (1,29) 47,40 (2,07) 42,00 (1,41) 44,33 (4,51) 

200 ºC-6h 36,00 (2,94) 51,50 (2,38) 15,00 (2,58) 27,75 (3,30) 
*Control: 44,33 (2,42) 
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Conclusion 

 

For maritime pine, water uptake of the oil heat treated 

samples were considerably lower than control and vacuum-

heat treated samples. Obtaining of the higher water 

absorption by vacuum-heat treatment alone may be due to 

the vacuum process which might prevents the degradation 

of OH groups present in polysaccharides during heat 

treatment. 

Poplar samples treated with vegetable oils significantly 

reduced the water uptake in comparison to the control and 

vacuum-heat treated samples as in the maritime pine 

samples. In poplar samples, linseed oil reduced the water 

absorption more than safflower oil.   

For poplar samples, generally, all vegetable oils revealed 

similar behaviour by considerably reducing the tangential 

swelling compared to control samples.  However, in the 

tangential swelling of maritime pine, the results obtained 

from control samples were close to those treated with 

vegetable oils.  

To reduce tangential swelling, 6 hours treatment time 

was found to be effective for vegetable oils, while 4 hours 

was reasonable for vacuum-heat treatment in maritime pine.  

Both vacuum-heat treatment and oil-heat treatment with 

vegetable oils considerably increased the compression 

strength in maritime pine.  
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