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Evaluation of heating temperature and time on bending properties of Taurus

cedar wood
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Toros sediri odununun egilme o6zellikleri iizerine 1sitma sicaklhi@1 ve siiresinin

Abstract: Heat treatment is one of the environmentally friendly and cost-effective modification methods applied for improvements
of wood properties. However, influences of exposure duration and temperature should be known to provide balanced improvements
for properties. In this study, effect of temperature (80, 120, 150, 180, and 210°C) and exposure duration (2, 5, and 8 h) on the
longitudinal ultrasonic wave velocity, density, dynamic Modulus of Elasticity-MOE (Edyn), MOE in bending, and Modulus of
Rupture (MOR) properties of Taurus cedar (Cedrus libani) was figured out. Eayn was predicted using ultrasonic wave velocity of
2.25 MHz longitudinal ultrasonic wave propagated through the longitudinal axis. The three-point bending test was performed to
determine static mechanical properties. According to results, the highest adverse effects of extended duration and temperature were
observed for MOR and followed by Egyn, and MOE in bending. Up to 150°C and 8 h treatment levels, some remarkable increases
(15.3%) were observed particularly for MOE in bending. Coefficients of determinations were calculated as 0.83, 0.38, and 0.37 for
Edyn Vs MOE in bending, Eayn Vs MOR, and MOE in bending vs MOR, respectively.
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degerlendirilmesi

Ozet: Isil islem, agagc malzeme o6zelliklerinin gelistirilmesinde kullanilan gevre dostu ve uygun maliyetli modifikasyon
yontemlerinden biridir. Fakat 6zelliklerde dengeli iyilesmeler saglayabilmek i¢in sicaklik ve islem siiresi etkilerinin bilinmesi
gereklidir. Bu ¢alismada, sicaklik (80, 120, 150, 180 ve 210°C) ve iglem siiresinin (2, 5 ve 8 saat) Toros sediri (Cedrus libani)
odununda boyuna ultrasonik dalga hizi, yogunluk, dinamik elastikiyet modiilii (Eayn), egilmede elastikiyet modiilii ve egilme direnci
iizerine etkisi incelenmistir. Edyn lif dogrultusunda yaymim gergeklestirilen 2.25 MHz frekansli boyuna ultrasonik dalganin ses hizi
ile tahmin edilmistir. Ug nokta egilme testi ile statik mekanik degerler belirlenmistir. Sonuglara gére yogun islem siiresi ve
sicakligin olumsuz yonde en yiiksek etkisi egilme direncinde goriilmiis ve bunu dinamik ve statik elastikiyet modilleri takip
etmistir. 150°C'ye kadar ve 8 saatlik islem seviyelerinde, 6zellikle egilmede elastikiyet modiilii i¢in baz1 kayda deger iyilesmeler
(%15.3) goriilmiistiir. Eayn ile egilmede elastikiyet modiilli, Eqyn ile egilme direnci ve egilmede elastikiye modiilii ile egilme direnci

arasindaki determinayson katsayilari sirasi ile 0.83, 0.38 ve 0.37 olarak hesaplanmistir.
Anahtar kelimeler: Sedir, Ultrases, Elastikiyet modiilii, Egilme direnci

1. Introduction

Wood, as a natural and renewable bio-material, is one of
the commonly used constructions and building materials.
Wood has some significant physical and mechanical
properties. However, dimensional instability, photo, and bio-
degradation, burning, etc. are some of the significant
disadvantages of wood materials that vary in terms of species.
Different modification methods are being used to reduce or
eliminate such undesired properties of wood materials, and
heat-treatment is one of these techniques. Heat-treatment
came into the forefront due to its cost-effectiveness and
environmental friendliness against costly and time-
consuming chemical methods (Chien et al. 2018). In the heat-
treatment process, from 100 to 300°C and up to 24 h
temperatures and exposure durations are utilized for thermal
wood modification (Gennari et al. 2021). Wood loses free and

bounded water when exposed to temperatures up to 150 °C.
However, exposure beginning from 180 to 250 °C
temperatures causes significant chemical transformations,
and carbonization occurs above 250°C (Esteves and Pereira
2009). There is an interrelation between the exposure
duration and temperature, and indeed, the effect of
temperature increases with the increase in exposure duration
particularly for high-temperature levels.

When literature was reviewed, the effect of heat-
treatment on the properties of Taurus cedar was studied in a
limited manner. Ayata and Bal (2019) evaluated the
influences of microbiologically active soil (around 16 weeks
exposure) on the heat-treated (140, 170, and 200 °C for 2 h)
Taurus cedar, and stated that heat treatment advanced the
biological resistance. Bal (2016a) determined the influences
of hot (160, 180, 200, and 220 °C) oil treatment on some
physical properties of Taurus cedar, and stated that
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dimensional stabilization improved with this modification.
Bal (2013) evaluated the effect of heat-treatment (140, 160,
180, 200, and 220°C) on density, MC, volumetric swelling,
thickness swelling in radial and tangential directions, mass
loss, equilibrium MC for heart and sapwood of Taurus cedar.
Nabil et al. (2018) evaluated the effect of heat treatment (160,
180, 200, and 220°C for 2, 4, and 6h) on MOR, CS, mass loss,
and color change for Taurus cedar. The authors stated that
MOR and CS were steadily decreased with the increase in
temperature and duration. Kilingarslan et al. (2020) used
ANN and random forest algorithm to predict swelling and
shrinkage of commercially obtained heat-treated Taurus
cedar.

Even defect detection is one of the most widespread
applications, strength, and elastic parameter determinations
are successfully applied inspection field of ultrasonic testing
and evaluation (Senalik et al. 2014). And, following studies
dealt with the evaluation of cedar (particularly Japanese)
properties. Chen et al. (2014) evaluated the effect of thinning
on ultrasonic wave velocities (V.. and Vgg) and dynamic
MOE (Egyn) standing Japanese cedar trees using 22 kHz
ultrasonic wave. Thinning-related V., Vrr, and Eqn were
ranged from 2665 to 2879 m/s, 1477 to 1643 m/s, and 1053
to 1363 MPa, respectively. The authors stated that there were
no statistically significant differences between the thinning
and determined properties. Chuang and Wang (2001)
predicted the Eqyn oOf standing Japanese cedar using 16 kHz
ultrasound (US) propagation. Yeh et al. (2007) compared the
Eqyn (determined using 0.02, 0.04, 0.1, 0.2, 0.5, and 1MHz
frequency longitudinal ultrasonic wave propagated by direct,
semi-direct, and surface transmission methods) and static
MOE (3 points bending) and thinned logs of Japanese cedar.
The authors reported V. values ranged from 4882 to 5196
m/s V. corresponding to 0.04 and 0.2 MHz frequencies in
the direct method, respectively. Furthermore, it’s reported
that using flat transducers with coupling agents provided
higher values which were statistically significant. A strong
relationship (R?: 0.855) between Egyn and UWV (for direct
method) was also reported. Chiu et al. (2013) measured the
V. for the calculation of Eqy, for standing Taiwan incense
cedar using 22 kHz frequency and compared with static MOE
determined by 3 points bending test. The longitudinal
ultrasonic wave was propagated through north-south and
east-west directions and different height positions of standing
trees. The authors reported that static MOE is lower than Eqgyn.
Hasegawa et al. (2011) evaluate the effect of tracheid length
and microfibril angle on ultrasonic wave velocity (500 kHz
frequency) in Japanese cedar, and reported strong
correlations between variables. Wang et al. (2008)
determined V. (2366 and 2677 m/s) and calculated Egyn
(2624 and 3466 MPa, respectively) for Japanese cedar using
22 kHz frequency. Hasegawa et al. (2016) determined V.
(ranged from 3468 to 3964 m/s) for Japanese cedar using non-
contact air-coupled ultrasonic wave propagation (200 kHz).
The VL were around 4126, 4310, and 4950 m/s when contact
type transducers with 0.2, 0.5, and 2.5 MHz frequencies were
used, respectively. Oh et al. (2011) used longitudinal
ultrasonic wave propagation to evaluate the sorting of
Japanese cedar logs by comparing the Egyn predicted using a
grading tool. Apart from the above-mentioned studies, the
followings are the few studies that evaluated the Taurus cedar
properties using US. Yilmaz Aydm and Aydin (2018a)
evaluated the effect of density and propagation length on
ultrasonic wave velocity. Guntekin and Yilmaz Aydin (2016)

determined V., static and Egn and MOR for around 12%
MC. The authors performed 3 point bending test to determine
static MOE and MOR, and longitudinal ultrasonic wave (2.25
MHz) propagation. Giintekin et al. (2016) predicted some
elastic constants using 1 MHz shear wave propagation.
Giintekin et al. (2015a; b) predicted moisture induced
dynamic and static MOE of Taurus cedar using US (22kHz)
propagation and compression test, respectively. Giintekin et
al. (2015) evaluated the effect of moisture on Vy, static and
Eayn, and Young’s modulus for Taurus cedar wood. However,
effect of temperature and exposure duration on some physical
and mechanical properties of Taurus cedar wood was not
evaluated using both non-destructive and destructive tests.
Therefore, this study aimed to figure out this issue using US
measurements and comparison with static values

2. Materials and methods

Taurus cedar (Cedrus libani) timber was purchased from
a commercial company. Air-dried defect-free cedar samples
(22*70*350mm) were exposed to five different temperatures
(80, 120, 150, 180, and 210°C) for three different times (2, 5,
and 8 h). A laboratory furnace FN 500 (Niive Co., Ankara,
Turkey) was used in ambient air. Nondestructive test samples
(20*20*20mm) were cut from the end of 3 point bending test
samples to make exact matching. The final size of the
bending test samples was 20*20*350mm. All the samples
were conditioned at 20 °C and 65% relative humidity (RH) to
achieve around 12% moisture content (MC). TS 2472 (2005)
was used to calculate density.

Equations 1 and 2 were used to calculate MOE and MOR,
respectively. Load deformation curves were obtained by
performing 3 points bending test using a universal test
machine (Marestek, Istanbul, Turkey).

AF+L?
MOE = .
Ad*4xbxh

(MPa) 1)

where; AF is the difference between the two loads (F2-
F1) in the linear elastic region, L is the span (mm), 4d is the
deflection (mm), b and h are the width (mm) and thickness
(mm) of the sample, respectively.

3xF*L
2¢bxh’

MOR = (MPa) )

where; F is the load at failure (N), L is the span between
supports (mm), b and h are the width (mm) and thickness
(mm) of the sample, respectively.

EPOCH 650 flaw detector (Olympus, USA) and contact
type transducers (Panametrics, USA) were used for US
measurement. Also, a coupling agent was used to eliminate
noise. Longitudinal ultrasonic wave (2.25 MHz) was
propagated through the longitudinal direction of samples to
measure transmission time. And, longitudinal ultrasonic
wave velocity in the longitudinal direction (Vi) was
calculated using transmission time (us) and propagation
length (sample size). The Eqyn Was calculated using Equation
3.
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Egyn = pV,107° (MPa) ®3)

where; p is the density of the sample (kg/m®) and Vi is
the velocity of US (m/s).

Pearson correlation coefficients and linear regression
models were determined to interpret the relations between the
variables.

3. Results and discussion

Average values for density, Vi, Eqn, MOE in bending,
and MOR are presented in Table 1, and coefficients of
variations were at reasonable levels for all measured
properties. As can be seen in Table 1, the densities of the
samples were ranged from 0.45 g/cm?® (210°C for 8h) to 0.48
g/cm® (80°C Control). Densities were decreased with the
increase in duration. However, the decrease in density with
the increase in duration is more apparent when the
temperature was 210°C, and around 6.25% decrease was
observed. Density of the unmodified samples are in harmony
with reported values (g/cm®) of 0.497 (Efe 2021), 0.502
(Sofuoglu and Kurtoglu 2015), 0.510 (Sogitli 2017), 0.520
(Asetal.2001), 0.523 (Berkel 1951), 0.512 (Demetgi 1986),
0.574 and 0.588 for juvenile and mature wood, respectively
(Bal et al. 2012), 0.468 and 0.512 for heart and sapwood
wood, respectively (2013), 0.498 (Giintekin and Yilmaz
Aydmm 2016), 0.570 (Giintekin et al. 2015a; b; c), 0.53
(Guntekin et al. 2016) and 0.480 to 0.490 (Y1lmaz Aydin and
Aydin 2018a).

The average V. of the samples were ranged from 4119
m/s (210°C for 8h) to 4720 m/s (120°C for 8 h). Some
increases in velocity were observed at moderate temperatures
up to 150°C. However, the increase in temperature and
duration adversely affected the velocity, and around 8.3%
decrease was observed for 210°C and 8 h. On the contrary, a
maximum 5.96% increase was obtained when wood was
treated at 150°C for 2 h. Such a positive effect was also
reported by Yilmaz Aydin and Aydin (2018b, 2020) for oak
wood. As can be seen in Figure 1, increases or decreases were
not stable, indeed, they fluctuated. The same behavior was
reported by Yilmaz Aydin and Aydin (2018b) for heat-treated
oriental beech. Literature V. (m/s) values for Taurus cedar

were 3332 to 3780 (Yilmaz Aydm and Aydin 2018a), 4388
(Giintekin et al. 2015b; ¢), and 4510 (Giintekin and Yilmaz
Aydin 2016). It can be said that V., generally agree with the
literature.

The average Eqyn of the samples were ranged from 7744
MPa (210°C for 8h) to 10573 MPa (80°C for 8 h). At
relatively low temperatures, some increases (up to 10.32% at
150° for 2h) were obtained with the increase in duration.
However, intensive treatments caused remarkable decreases
(21.25% at 210° for 8h). Yilmaz Aydin and Aydmn (2018b)
stated that the effect of treatment became more pronounced
when duration increased at 180 °C and particularly at 210°C.
Reported Eqyn values predicted by US for untreated Taurus
cedar were 10929 (Giintekin et al. 2015b; c), and 10137
(Giintekin and Y1lmaz Aydin 2016), and it’s seen that results
of this study conform to literature.

The average MOE in bending values of the samples were
varied from 7731 MPa (150° 0 h) to 9042 MPa (80°C 8 h).
The MOE values were increased with the increase in duration
at 80 and 120°C while were decreased at 180 and 210°C. The
maximum increase and decrease percentages were 15.27%
(80°C 8 h) and 18.43% (210°C 8h), respectively. Increase
and then decreases were observed at 150°C. Average MOE
of the unmodified samples are in harmony with reported
values (MPa) of 7326 (As et al. 2001), 6668 and 8963 for
juvenile and mature wood, respectively (Bal et al. 2012),
7184 (Demetgi 1986), 7803 (Keskin 2001), 8069 (Efe 2021),
9767 (Gintekin and Yilmaz Aydin 2016), 9200 (by
compression test-CT) (Giintekin et al. 2016), and 7496 (by
CT) (Giintekin et al. 2015b; c).

Average MOR values were ranged from 64.68 MPa
(150°C for 8h) to 85.28 MPa (80°C for 8h). MOR values were
steadily increased with the increase in duration at 80 and
120°C treatments. But, MOR was significantly decreased
with the increase in temperature and duration. Among all,
MOR was the most affected properties by around 25.14%
decrease at 210°C for 8 h treatment. Average MOR of the
unmodified samples are in harmony with reported values
(MPa) 77 (As et al. 2001), 75.32 (Oktem and Soézen 1992;
Senel 1994), 75.8 and 94.4 for juvenile and mature wood,
respectively (Bal et al. 2012), 86.8 (Keskin 2001), 75.2
(Berkel 1951), 94.3 (Efe 2021), and 91 (Giintekin and Y1lmaz
Aydin 2016).

Table 1. Average values of the density, Vi1, Eqn, MOE in bending, and MOR

Temp. Exposure Density Vi [mis] Egyn [MPa] MOE [MPa] MOR [MPa]
[°C] [Hours] [g/cm®] Mean (CoV) Mean (CoV) Mean (CoV) Mean (CoV)
80 0 0.48 4486.22 (5.88) 9868.38 (11.01) 7843.88 (7.66) 76.22 (5.26)
80 2 0.48 4418.64 (3.78) 9491.31 (5.99) 8132.97 (6.15) 81.12 (7.32)
80 5 0.48 4554.95 (6.14) 9899.68 (8.22) 8531.08 (8.20) 82.59 (4.58)
80 8 0.47 4676.30 (2.75) 10572.88 (6.24) 9041.53 (6.03) 85.28 (6.21)
120 0 0.46 4641.56 (4.93) 10016.83 (11.19) 8319.11 (11.92) 80.45 (4.93)
120 2 0.46 4658.19 (4.69) 10150.58 (6.40) 8619.11 (7.40) 82.54 (6.97)
120 5 0.45 4653.73 (5.49) 9920.54 (7.65) 8703.05 (6.71) 82.70 (9.23)
120 8 0.45 4720.07 (4.82) 10147.74 (6.11) 8924.44 (4.56) 85.01 (8.92)
150 0 0.46 4340.75 (5.03) 8791.88 (8.65) 7731.76 (6.83) 72.62 (5.03)
150 2 0.45 4599.45 (7.10) 9698.93 (12.13) 8393.63 (12.59) 68.56 (5.64)
150 5 0.45 4546.25 (7.03) 9450.42 (9.99) 8220.00 (8.56) 66.40 (10.43)
150 8 0.45 4507.75 (5.29) 9143.5 (12.01) 7979.48 (8.88) 64.68 (9.27)
180 0 0.47 4604.58 (5.06) 10037.48 (8.94) 8416.18 (10.48) 84.39 (5.05)
180 2 0.46 4558.12 (5.84) 9714.96 (8.35) 8345.58 (7.79) 80.38 (8.1)
180 5 0.46 4499.82 (5.38) 9418.76 (8.52) 8174.04 (8.33) 75.62 (6.20)
180 8 0.45 4528.53 (3.05) 9340.22 (6.39) 7988.73 (6.30) 71.81 (7.68)
210 0 0.48 4491.78 (3.66) 9833.99 (6.23) 8110.04 (6.65) 83.46 (7.28)
210 2 0.47 4408.67 (4.31) 9212.26 (6.09) 7754.312 (6.82) 78.31 (9.60)
210 5 0.46 4389.29 (3.24) 8897.20 (6.73) 7509.168 (8.13) 68.47 (5.74)
210 8 0.45 4119.18 (5.11) 7743.96 (6.93) 6615.54 (8.50) 62.48 (6.16)
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As illustrated in figure 1, increases and decreases
occurred within the groups. However, stable increases or
decreases were not observed within and between the groups.
Indeed, values fluctuated between the groups. But, MOE and
MOR were steadily increased within the groups of 80 and
120°C. Therefore, treatment using such temperatures
provides higher MOE and MOR for Taurus cedar.
Furthermore, all the properties were significantly decreased
with the increase in exposure duration at 180 and particularly
at 210 °C. Sozbir et al. (2019) stated that MOE and MOR
were negatively affected by the increase in temperature (120,
160, and 200 °C for 1 and 3 h). Esteves et al. (2008) expressed
that the effect of heat treatment (170-200°C for 2 and 24 h) is
more pronounced in MOR than MOE for maritime pine. As
seen in the results, thermal treatment at relatively low
temperature and durations provide more advances for MOE
than MOR, but, when temperature and duration were
increased MOR was affected more adversely than MOE.
Consequently, the results of this study agree with this
conclusion.

As in this study, Esteves and Pereira (2009) reported that
the influences of heat-treatment on MOE are limited but static
and dynamic MOR decreased with the process. The
degradation of hemicelluloses (can be affected even at low
temperatures) is assumed as the dominant factor for the
decreases in mechanical strength. Furthermore, another
essential factor might be the crystallization of amorphous
cellulose. On the contrary, cross-linking process due to the
poly-condensation reaction of lignin positively influenced the
longitudinal properties.

0.485

435

Sahin Kol et al. (2017) stated that an increase in
temperature (up to 212°C) caused gradual decreases in MOR
for beech. On the contrary, MOE reached its maximum level
at 180 °C and then decreased with the increase in temperature
but was not lower than the control value. Pergin et al. (2016)
stated that MOR and MOE in bending of beech were
increased when heat treatment was performed at 150 °C for 1
and 3 h. However, these properties were decreased further
temperature applications. Yang et al. (2016) evaluated the
effect of temperature (170, 190, and 210°C) and duration (1,
2, and4 h) on MOR and MOE of Japanese cedar, and stated
that values were decreased with the increase in temperature
and duration. However, as in this study, some fluctuations
were observed while temperature and duration increased.

It’s known that ultrasonically determined mechanical
values are generally higher than values those of statically
determined. When compared to static results, an
overestimation of MOE is the fact when using US, and
differences were more pronounced in the wood species that
has diffuse-porous structures (Bortivka et al. 2020). As seen
in Table 1, dynamic values were higher than static values for
all treatment groups. Numerical differences between Egy, and
MOE in bending were varied from 12.06 % (120°C 8h) to
20.52 % (80°C Control). As in this study, significant
differences between Egy, (US — 54 kHz) and static MOE in
bending for thermally treated (130 °C and 0.2 MPa for 3 h in
an autoclave and 160 °C for 3 h in a kiln) Eucalyptus grandis
were reported by Missio et al. (2013).
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Figure 1. Property changes in terms of treatment groups
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Pearson correlation coefficients are presented in Table 2.
As can be seen in the table, almost no linear dependency
between the MOR vs V. for 180 and 210° 8h values were
calculated. Apart from those of coefficients, there are
moderate and strong relationships between the treatment-
influenced variables.

Linear regression models and coefficients of
determination (R?) are presented in Figures 2 to 4. As can be
seen in figure 2, around 83% of the data can be reliably
predicted using the linear regression model for Egyn vs MOE.
But, such a strong relationship was not obtained between Egyn
vs MOR (R?% 0.38) and MOE vs MOR (R20.37). However,
highly significant correlations between MOR and Egyn
(determined by resonance frequency), and MOR and static
MOE of heat-treated (180°C for 12 and 24 h, and 210°C for
3 and 6h) red pine (0.76 and 0.81) and larch (0.58 and 0.83)
woods were reported by Won et al. (2015).

Such strong relationships between the ultrasonically
determined Egy, and MOE in bending for heat-treated woods

Table 2. Pearson correlation coefficients (r) between variables

were reported by Yilmaz Aydin and Aydin (2018b) for
oriental beech (R%: 0 75 to 0.82), Yilmaz Aydm (2020) for
oak wood (R% 0.75 to 0.89), and Holegek et al. (2016) for
Norway spruce (R% 0.91 to 0.92). Furthermore, the R?
between Egyn and MOE (Young’s modulus) determined by
US and compression test were reported by Giintekin et al.
(20154; b) for Taurus cedar (R% 0.95), and Y1ilmaz Aydim and
Aydin (2017) for oriental beech (R?: 0.84 to 0.94).

Giintekin and Yilmaz Aydmn (2016) reported 0.66 and
0.54 R? values for MOE in bending vs MOR and Egyn (US
2.25 MHz) and MOR of Taurus cedar, respectively. The
authors conclude that R? values were lower than other
nondestructive test techniques such as stress wave and
vibration. Yilmaz Aydin and Aydin (2018a; b; c) reported
0.84 to 0.89, 0.64, and 0.77 to 0.91R? values reported
between the density and V. for Taurus cedar, oriental beech,
and oak woods, respectively.

Temp. [°C]  Exposure [Hours] Eayn -MOE Egyn -MOR Eayn -ViL MOE-MOR MOE- V| MOR- V.
80 0 0.84 0.62 0.82 0.82 0.81 0.71
80 2 0.80 0.72 0.65 0.87 0.55 0.41
80 5 0.78 0.58 0.78 0.70 0.63 0.54
80 8 0.77 0.73 0.69 0.64 0.58 0.42
120 0 0.94 0.67 0.59 0.73 0.58 0.22
120 2 0.86 0.52 0.67 0.61 0.63 0.17
120 5 0.77 0.27 0.70 0.47 0.72 0.27
120 8 0.82 0.52 0.56 0.67 0.33 0.26
150 0 0.85 0.66 0.69 0.80 0.60 0.61
150 2 0.87 0.52 0.70 0.59 0.67 0.45
150 5 0.79 0.61 0.74 0.77 0.56 0.33
150 8 0.81 0.47 0.66 0.60 0.55 0.28
180 0 0.91 0.88 0.52 0.86 0.39 0.41
180 2 0.71 0.42 0.67 0.77 0.49 0.18
180 5 0.83 0.67 0.76 0.73 0.72 0.67
180 8 0.70 0.32 0.32 0.38 0.29 0.01
210 0 0.92 0.82 0.25 0.91 0.29 0.16
210 2 0.75 0.53 0.35 0.64 0.32 0.14
210 5 0.68 0.24 0.62 0.57 0.61 0.48
210 8 0.72 0.33 0.56 0.60 0.23 0.06
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Figure 2. The relationship between Egn and MOE of all
species tested

Figure 3. The relationship between Eg, and MOR of all
species tested
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Heat treatment applications, particularly at high
temperatures and long exposure duration, cause intense color
changes. According to Unsal et al. (2003) color is one of the
major factors in the quality evaluation of wood material that
is affected by heat treatment. Therefore, not only mechanical
properties should be taken into consideration to perform heat-
treatment but also aesthetic appearance.

According to Awoyemi and Jones (2011) tracheid walls,
ray tissues, and pit de-aspiration were destructed by heat
treatment, and besides the chemical degradation which is the
major reason for the changes in wood, these anatomical
changes are also responsible for the degradation of wood.

Dilik and Hiziroglu (2012) and Korkut and Hiziroglu
(2013) reported adverse effects of heat-treatment on some
properties of Eastern red cedar. According to Bal (2016b)
heat treatment has significant influences when the process is
performed at moderate temperature levels. The same
conclusion was expressed by Yilmaz Aydin (2020). The
author stated that some advances can be achieved for the
mechanical properties when moderate temperature and
durations are used while over 150°C applications eliminate
these advances.

Higher the MOE, higher the rigidity (Liang and Fu2007),
and according to results, 8 h exposure at 80 and 120°C can be
used to advance the rigidity of wood.

4. Conclusion

In this study, influences of duration and temperature on
longitudinal ultrasonic wave velocity, density, Eqn, MOE in
bending, and MOR were evaluated. It’s shown that MOR was
the most affected property by the heat treatment, and
followed by Egn and MOE in bending. Up to 150°C
temperature, increase in exposure duration provided some
remarkable advances in mechanical properties and UWV. At
some temperature levels, an increase in exposure duration
caused oscillations in some values instead of providing stable
increases or decreases. A strong relationship was observed
between Eg4n and MOE in bending. However, such a strong
relationship was not observed between Eg4, and MOR, and
MOE in bending and MOR.

It should be considered that there might be differences in
the influences of using the constant temperature levels and
stepwise heating process on the properties of wood in thermal
treatment. Such a study should be performed to figure out this
issue.
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