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Effects of Impregnation and Heat Treatment on Some Physical and

Mechanical Properties of Wood Material
Highlights
«» Thermal modification affected the technological properties of wood material.
+ Thermal modification had limited effect at low temperature.
<+ The improving effect of plant extracts was occured at different rates.

» Mechanical strength losses at high temperature are greater than at low temperature.

Graphical Abstract

Wood is one of the oldest building materials and is still commonly used today. In this study, test samples were
impregnated with environmentally friendly wood preservatives and their effect on mechanical strength was
investigated after heat treatment.
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Figure. Heat treatment method used in study
Aim
The aim of this study is to determine the effect of heat treatment on some mechanical properties of spruce (Picea

orientalis) samples impregnated with tannin solutions obtained from valonia (the extract of Quercus ithaburensis),
gallnut powder (Quercus infectoria Oliver) and pine bark powder (Pinus brutia Ten.).

Design & Methodology
The test samples were impregnated with plant extracts in 10% solution and then heat treated at 150, 175 and 200 °C.
Originality

Samples were impregnated with 10% plant extracts, 760 mm Hg after applying vacuum for 30 minutes by

subjecting to diffusion in the solution and left at the atmospheric pressure for 30 minutes according to ASTM
D 1413-76 standart.

Findings

The effect of impregnation solution and heat treatment on physical and mechanical properties was occured at different
rates.

Conclusion

Impregnation solutions limited the mechanical strength losses of wood material at lower temperature.
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The author(s) of this article declare that the materials and methods used in this study do not require ethical committee
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ABSTRACT

The aim of this study was to determine some physical and mechanical properties of spruce (Picea orientalis) wood, which was
impregnated with aqueous solutions of valonia (valex) (the extract of Quercus ithaburensis), pine bark powder (pinex) (Pinus
brutia Ten.) and gallnut powder (galex) (Quercus infectoria Oliver) as a pre-treatment and then heat treated. Test specimens were
prepared from sapwood of spruce wood and impregnated with 10% tannin solutions before heat treatment base on ASTM D 1413-
76. After pre-impregnation processs, specimens subjected to heat treatment at 150 °C, 175 °C and 200 °C for 2 h. The effect of
impregnation process and heat treatment temperature on the air-dried density, compressive strength paralell to the grain (CS),
bending strength (MOR) and modulus of elasticity in bending (MOE) were analyzed. As results, impregnation solutions showed
positive effects on mechanical strength in unheat-treated samples and determined that mecnaical strength loses due to heat treatment
slightly limited at low temperatures. However, strength loses increased with increasing temperature. The highest strength loses
were also determined in impregnated samples with galex extract and heat-treated samples at 200 °C.

Keywords: Heat treatment, plant extracts, wood material, impregnation.

Emprenye ve Isil Islemin Ahsap Malzemenin Bazi
Fiziksel ve Mekanik Ozelliklerine Etkileri

0z

Bu caligmanin amaci, 6n islem olarak mese palamudu (valex) (Quercus ithaburensis), kizilgam kabugu (pinex) (Pinus brutia Ten.)
ve mese mazisi (galex) (Quercus infectoria Oliver) ekstraktlarinin sulu ¢ozeltileri ile emprenye edildikten sonra 1s1l isleme tabi
tutulan ladin (Picea orientalis) odunun bazi fiziksel ve mekanik 6zelliklerinin belirlenmesidir. Test 6rnekleri, ladin agacinin diri
odun kismindan hazirlanmis ve 1s1l islemden 6nce ASTM D 1413-76'ya gore %10 tanen ¢dzeltileri ile emprenye edilmistir. On
emprenye islemlerinden sonra, test 6rnekleri 150 °C, 175 °C ve 200 °C'de 2 saat siireyle 1s1l isleme tabi tutulmustur. Emprenye ve
1s1l iglemin hava kurusu yogunluk, liflere paralel basing direnci (CS), egilme direnci (MOR) ve egilmede elastikiyet modiiliine
(MOE) etkileri analiz edilmistir. Sonug olarak, emprenye ¢ozeltilerinin 1s1l islem uygulanmamis 6rneklerinde mekanik 6zellikleri
olumlu etkiledigi ve disiik sicakliklarda 1s1l islemden kaynaklanan direng kayiplarini bir miktar sinirladigi tespit edilmistir. Ancak
artan sicaklikla beraber direng kayiplar1 da artmigtir. En yiiksek direng kayiplari, galex ile emprenye edilmis ve 200 °C'de 1s1l islem
uygulanmis 6rneklerde tespit edilmistir.

Anahtar Kelimeler: Isil islem, bitki ekstraktlari, ahsap malzeme, emprenye.

to be destroyed by insects and fungi, its ability to change
its dimensions depending on the temperature and relative
humidity of the air, and its discoloration due to the effect
of sun rays are evaluated as its negative properties [2].
Impregnation of wood material and wood modifications
made by various methods are among the most important
of these. Thanks to these methods, the negative properties

1. INTRODUCTION

Wood is one of the oldest building material used by
mankind throughout history. Compared to other building
materials, it is used continuously due to its superior
properties such as high strength properties, insulating
electricity and heat, nailing and joining properties, easy

processing and flexibility compared to its weight [1].
Although wood material has positive properties, its
flammability due to being an organic material, its ability

*Sorumlu Yazar (Corresponding Author)
e-posta : opercin@erbakan.edu.tr

of wood material are could be improved [3-5].

Wood material has met the needs of humanity in most
areas since the earliest times and has become an
industrial product with more usage areas with the
technological advances in recent years. With the increase
in new usage areas and human population, the demand
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for wood materials increases, and it causes the forest
resources to decrease day by day. This situation
necessitates the use of wood resources in a much more
efficient way, its use in various industries with the
modification of wood species with low strength
properties and to create different materials such as wood
composite materials [6].

In order to prevent this losses and increase the service life
of the wood material, it should be made resistant to
various chemicals, biological, physical and chemical
factors. A lot wood preservative are more commonly
using in industry to protect wood from deterioration in
the field of use. The most prefered components are CCA
(chromated copper arsenate), CCB (copper chrome
boron), ACZA (ammoniacal copper zinc arsenate), CC
(ammoniacal copper citrate), CBA (copper azole),
CDDC (copper dimethyldithiocarbamate), creosetes,
pentachlorophenols and other copper - based wood
preservative such as ACQ (alkaline copper quat), CA
(copper azole) for many years. Some of these solutions
are harmful to environmental healths and some of them
more expensives [7-10]. In recent years, due to increasing
importance of natural environment, human health and
depending on new laws for protect of woods, the
importance of developing more environmentally friendly
preservatives has emerged [11-12].

Regarding the improvement of the properties of wood
material, it would be beneficial to focus on alternative
environmentally friendly solutions that are not harmful to
humans and the environments instead of chemicals in the
protection of wood materials by impregnation [13]. Plant
extracts or tannins are among the environmentally
friendly wood modifiers that have been widely used in
recent years. In many scientific studies, it has been
reported that wood materials impregnated with plant
extracts provide resistance against biological organisms
[14].

Increased environmental awareness has raised the
demand for more environmentally friendly wood
modification methods. Another wood maodification
method that gaining in popularity over the last decades is
heat treatment. Heat treatment is an environmentally
friendly method applied without using any chemicals to
improve the properties of wood material [5, 15]. When
wood is heated, generally chemical changes start to take
place inside the wood structure depending on some
conditions (treatment temperature, treatment time,
atmosphere, etc.), wood type, and its features, or the
initial moisture content of the wood [16]. Chemical
changes due to heat treatment conditions, invariably lead
to the alteration of various properties of woods [17-18].
Thermal treatments applied at higher temperatures
considerably reduce the mechanical stregths of the wood
material and makes it more brittle depend on treatment
conditions and treatment intensities [19-21]. The
decrease in strength properties of limits the use of heat-
treated wood material in load-bearing systems in
structural applications [22-24].

Regarding the impregnation with tannin solution, a
previous study by Kasap Okut and Altinok (2020) studied
decay properties of some wood materials. The tannin
solution was applied to the wood material with brush and
dipping technique and the decay properties of the test
samples in the soil were investigated. As a result, it has
been reported that the walnut tannin solution prevented
the wood decay [25]. In another work, Yasar and Altinok
(2019) investigated effect of natural tannin solutions
(pine, acorn) and and chemical impregnation (imersol
aqua, timbercare aqua) on characteristic of woods. As a
result, they reported that natural tannin solutions could be
an alternative to chemical impregnation materials in
wood samples exposed to outdoor conditions [26]. Tondi
et al. (2012) analyzed the changes in mechanical and fire
properties of Scotch pine and European beech samples
after impregnation with tannin-based chemicals. They
found that the mechanical properties of the impregnated
samples improved by an average of 20% [27].

Heat-treated wood material has an increasing use interior
and exterior application such as hard wood flooring,
siding, claddings, decking, saunas, wall panelling,
windows, doors, and garden furnitures [28]. In addition,
heat treatment reduces the equilibrium moisture content
of wood material [29], enhances its dimensional stability
[30] and it also decreases mechanical properties of wood
with the increasing severity of the heat treatment [31-32],
heat treatment also increases weathering resistance as
regards colour stability [33].

Impregnation of wood with some chemical before heat
treatment may be reduce the severity of strength losses
due to heat treatment [34]. Awoyemi and Westermark
(2005) suggested that impregnation of wood material
with boron solutions before heat treatment may reduce
the severity of mechanical strength loss during heat
treatment [35]. Winandy (1997) also determined that
addition of borate-based buffers to the fire retardant
solutions was found to significantly mitigate subsequent
thermal degradation [36]. In the another study, Giindiiz
et al (2011) studied the effects of tannin and heat
treatment on features of Anatolian chestnut (Castanea
sativa Mill.) wood. They repoted that after removal of
tannin and heat treatment, technological feature such as
bending property, module of elasticity in bending and
compression strength decreased [37]. In a similar study
by Verly Lopes et al. (2020) southern yellow pine (Pinus
spp.) and yellow-poplar (Liriodendrum tulipifera)
woods were impregnated with a mixture of condensed
tannin and disodium octaborate tetrahydrate. After
impregnation process test samples were heat-treated
under N2 atmosphere at 190 °C for four hours and boron
depletion and wood durability were investigated. They
declared tannin restricted boron leaching and with heat
treatment showed better results to termites [38].

The use of plant-based tannins and heat treatment of
wood represents a relatively environmentally friendly
approach to the wood preservation industry [38]. While
there are many studies with the effect of tannin chemicals
on rot fungis and wood decay organisms, but its effect on
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mechanical properties is very limited with heat treatment.
The aim of this paper was to research the effects of pine
barks powders (Pinus brutia Ten.), valonia (the extracts
of Quercus ithaburensis) and gallnuts (Quercuss
infectoria Oliver) tannins on resulting changes in
mechanical properties of heat-treated spruce (Picea
orientalis) wood samples.

2. MATERIAL and METHOD
2.1. Material

The spruce (Picea orientalis) wood beams (density 0.45
g/cm®) were used which obtained from a local sawmill
Ankara, Turkey. Because the spruce wood is widely use
in wood working industry and it is naturally grown in
Turkey. Wood beams (96 x 295 x 3000 mm) (radial,
tangential, longitudinal) free of visible defects and
sapwod were chosen for the experiments. The moisture
content of the oversized boards ranged from 11-14%. All
the beams were stored in a lumber yard so that they reach
to equilibrium moisture content.

Three natural extract solutions were used in this study.
For this reason, 10% pine bark extracts (pinex) (Pinus
brutia Ten.), valonia extracts (valex) (the extract of
Quercus ithaburensis) and gallnuts (galex) (Quercuss
infectoria Oliver) extracts used for impregnations
process. The extracts were obtained from a commercial
company in the form of a granulated powder in Manisa,
Turkey. These tannins are widely produced in Turkey
and have an important commercial value. Tannins are
polyphenols that can be divided into two groups:
hydrolyzable tannins and condensed tannins found in
various plants. Tannins can be obtained from the bark of
mimosa, acorn, chestnut, sumac, tara, and bark of various
pine species. Tannins are used in many different fields
such as leather manufacturing, adhesives, additives to
beverages, and medical applications [14, 25, 26, 37]. In
this study, tannins were dissolve in distille water at 80 °C
to a concentration of 10%.

2.2. Method

Atotal of 160 test specimens were prepared for each test
in accordance with the standard TS 2470 (1976) [39].
Samples were divided into smaller pieces in accordance
with the relevant standards, and specimens were divided
into four groups. The first group consist of non-
impregnated (control) and heat-treaded samples, the
second group pinex impregnated and heat-treaded
specimens, the third group valex impregnated and heat-
treated samples and finally the fourth group consists of
galex impregnated and heat-treated samples. All samples
were conditioned at 20 °C and 65% moisture content for
three weeks before the impregnation and heat treatment
process.

For the MOR and MOE, test samples of size 20mm x
20mm x 360mm (radial x tangential x longitudinal) and
for the density and compressive strength parallel to grains
20mm x 20mm x 30mm (radial x tangential X
longitudinal) were prepared. The experiments were done

MOR according to TS 2474 (1976) standard [40], MOE
according to TS 2478 (1976) [41] standard and
compressive strength parallel to grains according to TS
2595 (1977) [42]. Density of test samples were
determined according to TS 2472 (1976) [43]. Then, the
prepared specimens were conditioned at 20°C and 65%
relative humidity until they reach to equilibrium moisture
contents. Samples for each test were equally divided into
four groups including a set of unimpregnated control
specimens while the other sets were impregnated with
tannin solutions. Before the impregnation process, the
average moisture content of the samples was about 12%.
The conditioned test specimens were impregnated based
on ASTM-D-1413-76 (1976) [44]. Test specimens were
weighed before impregnation process. The pressure-
vacuum method was used for impregnation process. The
impregnation process was carried out in a vacuum and
pressure impregnation device in Gazi university, Faculty
of Technology, Woodworking Industrial Engineering
Department. The test specimens were exposed to 760
mm/Hg pre-vacuum for 30 minutes and then examples
were hold in tannin solutions to diffuse in solution under
normal atmospheric pressure for 30 minutes. After
impregnation process weight of test samples were again
determined and dry at ambient temperatures.

The test samples were first impregnated with the studied
solutions and then the impregnated samples were heat
treated. Heat treatment was carried out at three different
temperatures: 150 °C, 175 °C and 200 °C in a
programmablelogic controlles (PLC) laboratory oven
under the protection of hot water vapor. In this process
heat treatment was carried out in three continuous phase
for each treatment. In the first phase, after test specimens
were placed into the heat treatment oven, the temperature
was increased to 100°C for 5 h and then 130°C for 10 h.
The water vapor was injected into the oven at 1 bar, time
of 5 sec. at intervals of 200 sec. during the heat treatment.
In the second phase, temperature of oven increased from
130 °C to target temperatures of 150 °C, 175 °C and 200
°C for 2 h. Specimens were kept at these temperatures for
2h. In the final phase temperature was reduced to 25 °C
for 10 h and test samples conditioned. The heat-treatment
process is described in Figure 1.

200
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Figure 1. Heat treatment method used in study(200 °C)

After the heat treatment, the weights and dimensions of
all test samples were determined and recorded. Before
the experimental tests the specimens were conditioned in
a climate cabinet with a relative humidity of 65% and a
temperatures of 20 °C (standard atmosphere) until they
reach the EMC.
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2.3. Data Evaluation

Data obtained from the tests were evaluated statistically
by MSTAT-C (Versionl.42, Michigan State University,
East Lansing, MI) statistic computer package program.
In the data analysis, the effects factors of impregnation
solutions and heat treatment temperature were
determined using the analysis of variance (ANOVA).
Differences among the average values were compared
using the least significant difference(LSD) test.

3. RESULT AND DISCUSSIONS

The air-dried density and EMC and also standard
deviations for the impregnated spruce wood at the three
temperature levels is presented in Table 1. The values in
Table 1 are average values of ten replicates. Density
values of impregnated samples higher than those of
control groups. This increase in density may be due to
extract solutions uptake during the impregnation. It can
be observed that the air-dried density values were

decreased with increasing temperature. The highest
decreasing rate on the showed as 13.66%, 11.30%,
10.84% and 9.05% at the 200 °C in impregnated samples
with galex, valex, pinex and unimregnated samples,
respectively. The change of densities was not uniform.
Heat treatment has influences on physical properties of
wood material. The weight of wood after heat treatment
decreased according to increase of treatment temperature
and its time [45]. Esteves et al. (2007) decleared that
wood density reduce due to the removal of wood
components by heat treatment at higher temperature and
moisture desorption [46]. Similar results were also
reported by Alén et al. (2002) for spruce (Picea abies)
wood samples[47]. Heat treatment caused a decrease in
the EMC values of all test samples. Treatment at 200 °C
was resulted the lowest values for the EMC.

Table 2 shows the retention values (kg/m®) of wood
samples having 10% concentration level along with
standard deviations.

Table 1. Air-dried density and EMC of impregnated and heat-treated specimens

Impregnation Heat treatment EMC Density
solutions (°C) (%) (g/em®)

Control 13.96 (0.3677) 0.453 (0.0218)

Unimpregnated 150 12.32 (0.3547) 0.441 (0.0288)

175 10.49 (0.2937) 0.427 (0.0176)

200 8.96 (0.3856) 0.412 (0.0134)

Unheated 14.17 (0.3485) 0.464 (0.0151)

pinex 150 12.57 (0.4735) 0.449 (0.0160)

175 10.58 (0.3185) 0.434 (0.0181)

200 9.39 (0.24509) 0.411 (0.0138)

Unheated 14.53 (0.3681) 0.469 (0.0116)

Valox 150 12.98 (0.5839) 0.446 (0.0114)

175 10.83 (0.4057) 0.431 (0.0182)

200 9.77 (0.1739) 0.416 (0.0120)

Unheated 14.04 (0.3909) 0.461 (0.0125)

Galex 150 12.42 (0.8617) 0.451 (0.0131)

175 10.29 (0.3152) 0.435 (0.0151)

200 9.11 (0.3559) 0.398 (0.0134)

The data in parentheses represent the standard deviation.

Table2. Retention levels of spruce wood samples treated with solutions

Extract species Retention level (kg/m?)
Pinex (Pinus brutia) 25.16 (0.84)
Valex(Quercus ithaburensis) 24.42 (0.54)
Galex (Quercus infectoria) 17.11 (0.46)

The data in parentheses represent the standard deviation.

As can be seen from Table 2, retentions of samples were
found to be 25.16 kg/m3, 24.42 kg/m3and 17.11 kg/m?®
after Pinus brutia, Quercus ithaburensis and Quercus
infectoria solutions, respectively. Uptake of solutions
inside wood was similar for the Quercus ithaburensis and
Pinus brutia. However, Quercus infectoria wood
preservative showed some difference in retention that it

showed the least retention value. The retention level of
extract solutions was the highest in Pinus brutia.
Generally, bark contains polyphenolic substances and
more extractive compound compare to wood and its due
to the structure of bark with a well water-holding
capacity [48], so could be possible reasons for the high
retention for Pinus brutia. A difference in retention has
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been reported by Sen et al. (2009) and explained by the
structure of valex, sumex and pinex extracts [49].

The result of the analysis of variances of the effects of
impregnation solution and heat treatment temperature on

Table3. Results of the analysis of variances

compressive strengths parallel to the grains, bending
strengths and modulus of elasticity in bending are
summarize in Table 3.

Properties Source of | Degrees of Sum of Mean F Signature
Variance Freedom Squares Square Value (P<0.05)
Factor A 3 623.959 207.986 84.6590 | 0.0000
. Factor B 3 4615.045 1538.348 626.1708 | 0.0000
C%Tj;fg;‘\"e AxB 9 190.132 21.126 85990 | 0.0000
Error 144 353.773 2.457
Total 159 5782.908
Factor A 3 187.243 62.414 7.7657 0.0001
. Factor B 3 22700.760 7566.920 941.4951 | 0.0000
Eﬁgg;ﬂﬁ AxB 9 66.855 7.428 0.9243 *
Error 144 1157.347 8.037
Total 159 24112.205
Factor A 3 8084656.875 | 2694885.625 | 68.7532 | 0.0000
Modulus of | Factor B 3 22531681.875 | 7510560.625 | 191.6130 | 0.0000
Elasticity AxB 9 84031.625 933681.736 | 23.8205 | 0.0000
Error 144 5644298.000 39196.514
Total 159 44663772.375

Facror A: Extract solutions; Factor B: Heat treatment temperatures; *Statistically not significant

Table 3 indicated that the effects of the extract solutions,
heat treatment temperatures and their interactions were
found to be statistically significants (P<0.05) on
mechanical strength, except for interaction on bending
strength. The results of compressive strengths, bending

strengths and modulus of elasticity in bending for
impregnated and heat-treated specimens are show in
Table 4. Differences between all test groups were
statistically significant at the 0.05 confidence level.

Table 4. The results of CS, MOR and MOE for impregnated and heat-treated specimens

Process type CS MOR MOE
Extract Solutions* X(N/mm?) X(N/mm?) X(N/mm?)
Unimpregnated 43.96 57.088 8194 ¢
Pinex 49.13 4 59.56 A 8467 A
Valex 47.04 B 58.39 A 83058
Galex 45.05 ¢ 56.88 B 7854 P
Heat Treatment**

Unheated 48.98 B 69.78 A 8091 ¢
150 °C 51.15A 67.07 B 8453 B
175 °C 47.82°¢ 55.51 ¢ 8575 A
200 °C 37.22° 39.56° 7601 P
LSD *0.6922; **0.6922 | *1.252; **1.252 *87.43; **87.43

Note: Different letters show which values are statistically different at the 0.05 level; LSD: Least significant difference

According to the Table 4, pinex solution was given the
highest CS value, valex and galex followed the pinex,
respectively. As can seen this results, extract solutions
were performed higher performance than unimpregnated
samples and extract solutions had significant effect on
CS. As seen in Table 4, heat treatment affected MOR of
spruce wood. It was observed that the highest and lowest
CS were found as 51.15 N/mm? at 150 °C and 37.22

N/mm? at 200 °C. When compared the this results the
MOR increased as 4.4% at 150 °C, however decreased as
24% at 220 °C.

The lowest MOR value was found in impregnated
samples with galex solutions. The other solutions were
higher than unimpregnated samples. This result can be
explained by relatively low retention of galex solution
compared to the pinex and valex solutions. Also it was
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determined that as be in CS, the bending strength
increased at the initial stage of the heat treatment and
decreased later. This highest reduction was determined as
43% at 200 °C.

Table 4 shows the effect of extract solutions and heating
in differen ttemperatures on MOE as compared to
unimpregnated and unheated groups. According to this,

galex solutions had the lowest value compared to the
others. In addition, the lowest MOE was found at 200 °C.
As can be seen from Table 4, the modulus of elasticity
values in bending a little increased at 150 °C and 175 °C
compared to unheated groups. Table 5 shows the results
of Duncan Test and changes in the CS, MOR, and MOE
of impregnated and heat-treated spruce wood.

Table 5. The effect of extract solutions and heat treatment on CS, MOR and MOE of spruce wood

Treatment CS MOR MOE
Type (N/mm?) (N/mm?) (N/mm?)

Control 47.16F 68.16 BC 7912E
150 °C 49.11 bE 65.49 D 8336 €
175 °C 43.13 ¢ 5442 F 7843 EF
200 °C 36.43"! 40.27F 7683 F¢
Pinex 50.58 B¢ 72134 8443 °¢
Pinex+150 °C 54.22 A 68.48 BC 8665 B
Pinex+175 °C 50.81 B¢ 56.87 F 8947 A
Pinex+200 °C 40.89 H 40.78 F 7811 EF
Valex 49.43 CPE 70.46 AB 8299 €
Valex+150 °C 51.13B 67.43 ¢P 8398 ¢
Valex+175 °C 50.44 BCD 55.93E 89134
Valex+200 °C 37.16'! 39.73F¢ 76116
Galex 48.74 F 68.88 BC 8109 P
Galex+150 °C 50.14 BCD 66.89 cP 8411°¢
Galex+175 °C 46.89F 54.83F 7596 ©
Galex+200 °C 34.42° 37.44°6¢ 7298 H

LSD 1.384 2.504 174.9

Note: Different letters show which values are statistically different at the 0.05 level; LSD: Least significant difference.

According to the Table 5, CS, MOR and MOE values of
all impregnated samples higher than control groups.
Compressive strength values ranged from 54.22 N/mm?
to 34.42 N/mm? for impregnated and heat-treated
samples. The lowest CS value was obtained at
impregnated with galex and heat-treated at 200 °C
samples. In terms of reducing resistance losses in CS,
pinex solutions had more advantage than other solutions.
The highest CS loss was obtained for heat-treated
specimens at 200 °C as 29.4% that was pre-treated with
galex. As can be seen on Table 5, CS values a slightly
increased in applied heat treatment at low temperatures,
however applied at higher temperatures reduced their
values. Losses in compresive strength of heat-treated
wood is mainly due to the degradation of hemicelluloses,
cellulose and lignin, which hemicellulos is less stable to
heat treatment than cellulose and lignin [50]. In the
another study Sweet and Winandy (1999) reported that
hemicellulose compound of cell wall play important role
on wood strength [51].

The MOR strengths presented in Table 5 showed that
only impregnated specimens have a higher MOR value
with an increased ranged from 1% to 6% compared to the
control group. In each experiment group aslo determined
that MOR values decreased with increasing heat
treatment temperature. The highest loss of MOR was
observed at 200 °C for impregnated samples with galex.

The highest MOR value was observed in only
impregnated samples with pinex solution. This may be
due to the retention of test samples that the highest
retention value was found in pinex and the lowest galex
solution. Also determined that MOR values of
impregneted samples higher than control group. As seen
in Table 5, tannin impregnation positive affected MOR
value of wood. Grabner et al. (2005) examined the
extractives on mechanical properties of larch wood. The
results showed that extractives of wood have significant
effect on mechanical properties of wood. Increasing
extractive content in heartwood showed better
mechanical properties in the transverse direction [52].

Results of the Table 5 indicated that impregnated samples
with pinex and heat-treated at 175 °C had the highest
MOE value 8947 N/mm? which was 13% higher than
control samples. The specimens that were only
impregnated showed a small increase in MOE compared
to the control group. This stuation clearly show that
extract solutions had a significant and positive effect on
the wood’s MOE values. According to the this results, the
effect on MOE might differ from different extract
solutions. On the other hand, MOE values were increased
clearly at 150 °C, while at 200 °C a reduction was noticed
in the each group. The initial increase of MOE can be
explained by an increase in the crystallinity of cellulose
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and in the relative content of lignin [53]. Also determined
that during the mechanical tests, the samples of
treatments at 200 °C showed more abrupt rupture than the
other heat treatment temperatures which can lead to
considerably different failure behavior after mechanical
tests.

4. CONCLUSIONS

Based on the findings of this study, the impregnation with
extract solutions and heat treatment affected significantly
mechanical properties of spruce (Picea orientalis) wood.
The results showed that impregnation process before heat
treatment increased density, CS, MOR and MOE values.
The CS, MOR and MOE slightly increased in the initial
stages of heat treatment, however at higher temperatures
reduced their values. According to extract solutions, the
retention value was the highest in pinex and the lowes tin
galex. The extract solutions showed a different response
to the heat treatment which pinex was more advantage
than other extractives in terms of reducing strength
losses. Accordingto the results, it can be concluded that
impregnation of spruce wood with extract buffering
solutions before heat treatment could mitigate the loses
in mechanical strengths at lower temperature.

Consequently the use of wood material as a natural
contruction material in interior design has increasing
importance. Different wood materials can be used in
various parts of the interior of building and there are
differences their usage. Especially it is used in interiors
as wall covering material, floors and ceilings, doors,
windows, furniture, stairs, in features and decorations,
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