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Effects of Heat Treatment on Physicomechanical Properties of 
Japanese Cedar and Beech Sliced Veneers
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Abstract In this study, Cryptomeria japonica (Japanese cedar) and Fagus sylvatica (Beech) sliced veneers were heated at 
different temperatures (120–260oC) under air or nitrogen atmosphere. Effects of heat treatment on physicomechanical 
properties of sliced veneers were evaluated by universal testing machine, X–ray diffractometer, and color difference meter, 
etc. These results showed that the mass loss and volume shrinkage percentage of the heat treated sliced veneers increased 
with increasing heat treatment temperature regardless of gas atmosphere. According to the results of soaking test, sliced 
veneers exhibited better dimensional stability and hydrophobic properties after heat treatment. When the heat treatment
temperature exceeded 200oC under air atmosphere, the modulus of ruptures (MOR) of sliced veneers decreased significantly.
In contrast, the veneers exhibited the lowest flexural properties at 260oC under nitrogen atmosphere. The color of sliced 
veneers darkened after 180oC and 200oC treatment under air and nitrogen atmosphere, respectively. Additionally, the surface 
of heated sliced veneers showed smooth significantly with increasing heat treatment temperature. On the other hand, the 
crystallinity of heat treated sliced veneers increased with an increase of heat treatment temperature due to the degradation of 
the polysaccharides in the amorphous region. However, when heat treatment temperature reached 260oC, a significant 
decrease of crystallinity of sliced veneers was observed because the cellulose degraded in the crystalline region.
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1
Table 1. Mass loss and volume shrinkage of Japanese cedar and beech sliced veneers under air or nitrogen by 
various heat treatment temperatures

Species
Temperature

(oC)

Air Nitrogen
Mass loss

(%)
Volume

shrinkage (%)
Mass loss

(%)
Volume

shrinkage (%)
120 -0.2 ± 0.2 A 0.7 ± 1.6 A 0.1 ± 0.1 A 0.2 ± 0.3 A

140 0.1 ± 0.1 A -0.1 ± 0.3 A 0.2 ± 0.1 A -1.0 ± 0.5 A

160 -0.3 ± 0.2 A -0.2 ± 1.0 A 0.2 ± 0.1 A -0.3 ± 0.7 A

Japanese cedar
180 1.0 ± 0.4 B 0.1 ± 0.8 A 0.3 ± 0.2 A 0.8 ± 0.7 A

200 3.3 ± 0.4 C 1.3 ± 1.8 A 3.9 ± 1.9 B 2.1 ± 1.6 AB

220 6.1 ± 0.6 D 3.3 ± 0.6 B 2.5 ± 0.6 C 2.0 ± 1.3 AB

240 15.2 ± 2.0 E 7.2 ± 3.0 C 5.7 ± 0.6 D 2.6 ± 0.9 C

260 25.5 ± 1.7 F 12.4 ± 1.9 D 17.7 ± 4.5 E 8.3 ± 1.9 D

120 0.9 ± 0.1 a 0.3 ± 0.9 ab 0.0 ± 0.2 a 0.3 ± 0.2 a

140 -0.2 ± 0.2 a -1.3 ± 1.1 ab -0.5 ± 1.4 a 0.3 ± 0.8 a

160 -0.6 ± 2.9 a 1.3 ± 2.5 ab -0.2 ± 0.1 a 1.9 ± 1.1 ab

Beech
180 1.5 ± 0.1 a 1.6 ± 0.6 ab 0.9 ± 2.2 a -0.1 ± 1.9 ab

200 7.3 ± 1.1 b 2.8 ± 1.1 bc 2.6 ± 3.6 b 2.2 ± 4.3 bc

220 12.6 ± 1.1 c 5.4 ± 1.4 cd 6.7 ± 1.3 c 2.4 ± 0.8 c

240 21.2 ± 1.9 d 10.8 ± 2.5 de 5.1 ± 1.3 d 2.3 ± 0.7 c

260 35.3 ± 2.2 e 17.0 ± 2.0 ef 16.5 ± 4.6 e 10.4 ± 2.7 d

Values are mean ± SD (n = 9). Different letters within a column indicate significant difference (P < 0.05).
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Boonstra and Tjeerdama, 2006 24 
h

2
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73.0 63.3%
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2
Table 2. Water absorption, volume swelling and anti-swelling efficiency of Japanese cedar and beech sliced 
veneers under air or nitrogen by various heat treatment temperatures

Values are mean ± SD (n = 9). Different letters within a column indicate significant difference (P < 0.05).

260oC
81.7 79.8%

260oC
51.4 40.6%

260oC
14.4% 6.1%

23.7% 9.5%

260oC
75.2

65.6% Esteves 2008b
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Wikberg and Maunu, 2004 Kocaefe et al.,
2009 Brosse et al., 2010
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Fig. 1. Surface color changes of sliced veneers with various heat treatment conditions (Japanese cedar under air 
(A) or nitrogen (B); beech under air (C) or nitrogen (D)).
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Tjeerdsma et al., 1998
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Unsal
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Table 3. Surface roughness of Japanese cedar and beech sliced veneers under air or nitrogen by various heat 
treatment temperatures

Values are mean ± SD (n = 9). Different letters within a column indicate significant difference (P < 0.05).
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2 MOE MOR A B
C D

Fig. 2. MOE and MOR retention ratios of sliced veneers with various heat treatment conditions (Japanese cedar 
under air (A) or nitrogen (B); beech under air (C) or nitrogen (D)). Values are mean ± SD (n = 11). Bars with 
different letters indicate significant difference (P 0.05).

120 150 180oC
Ra

Hakkou et al., 2005

3

260oC
Ra

2.2 ����m

Ry Rz
Korkut Guller 2008 Acer 

trautvetteri 120 150
180oC

Ra Ra Rz

IV

MOE MOR 2

2A MOE MOR



222                           FOREST PRODUCTS INDUSTRIES Vol.32 No.4

200oC
MOR
240–260oC

2B
240oC MOE MOR

260oC
MOE MOR

66.0% 32.8%
200oC

MOR
260oC MOE

MOR 75.0% 43.2% 2C

2D
260oC

MOE MOR 87.1%
60.0% Kocaefe 2009

>210oC

Esteves et al., 2007
Boonstra and Tjeerdama, 2006

V

XRD
3

�� 18o 22o

002
CrI

140–220oC
CrI 31.3% Control

40.2% 220oC 260oC
27.3% 3A

CrI
140–220oC 260oC

CrI 31.1% 3B
Wikberg Maunu 2004

CrI

Akgül et al.,
2007 Boonstra and Tjeerdama, 2006

Control CrI
36.9%

140–260oC CrI
36.9–39.9%

3C
CrI

33.4–37.1% 3D

IV

120–260oC

200oC

260oC

X-ray

140–220oC
260oC



2013 12                          223

 

In
te

ns
ity

2� (o)

0 5 10 15 20 25 30 35 40

In
te

ns
ity

2� (o)

0 5 10 15 20 25 30 35 40

(A)

(B)

(C)

(D)

22o

(cr)
18o

(am)

Control

140 oC

180 oC

220 oC

260 oC

Control

140 oC

180 oC

220 oC

260 oC

Control

140 oC

180 oC

220 oC

260 oC

Control

140 oC

180 oC

220 oC

260 oC

27.3%

40.2%

34.7%

33.9%

31.3%

CrI 36.9%

39.9%

37.8%

36.6%

36.9%

CrI

31.3%

35.8%

34.2%

34.9%

31.3%

CrI
34.7%

37.1%

33.4%

35.4%

36.9%

CrI

3 X-ray A B
C D

Fig. 3. X-ray diffraction patterns of sliced veneers with various heat treatment conditions (Japanese cedar under 
air (A) or nitrogen (B); beech under air (C) or nitrogen (D)). Values are mean ± SD (n = 11). Bars with different 
letters indicate significant difference (P 0.05).
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