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Property Evaluation of Plywood Composed of Heat-treated
Eucalyptus Veneers

Jun-Yan Shen Ya-Lih Lin*

Department of Forestry and Natural Resources, National Ilan University

Abstract

The artificial fast-growing tree species of eucalyptus (Eucalyptus spp.), 4 to 6 years old, 12 to 15 cm in diameter were
rotary cut to produce the veneer used in this study. A heat treating process of a maximum heating temperature of 170 °C or
190 ‘Cwas applied in a nitrogen filled treating cylinder to treat the veneer. Oven-dried density (Doq), Equilibrium Moisture
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Content (EMC) under controlled environments, volumetric shrinkage percentage (f3,), and mold resistance of heat-treated
and untreated veneers were measured to understand the effects of heat treatment to the properties of eucalyptus veneers.
Heat-treated and untreated veneers were then glued into 3-, 6-, and 9-layer plywood with an adhesive composed of
polyvinyl acetate emulsion and isocyanate (cross-linking agent). Tests were conducted to collect data on the Doy, EMC, B,
decay resistance, adhesion properties, and static bending properties of the plywood to reveal the differences rendered by
heat treatments.

Results indicate that the Doy of the heat-treated and untreated veneers are around 0.46 g/cm’® and of not much
difference. The EMC of the veneer treated with a maximum heating temperature of 170°C (170Vr) and 190°C (190Vr) are
respectively 16.3% and 45.3% lower than the EMC of the untreated veneer and the volumetric anti-shrinkage effect (ASE)
obtained from B, are 1.3% and 49.4%, respectively. Heat treatment did not improve the mold resistance of eucalyptus
veneers. The D4 of the 3-, 6-, and 9-layer plywood made of 170Vr and 190Vr are higher than the D4 of the corresponding
plywood made of untreated veneers (PUV) of similar layer number and the EMC are 14.5-21.5% and 24.8-41.9%
respectively lower than the EMC of the PUV. The ASE of the plywood made of 170Vr and 190Vr are of 0-8.5% and
26.0-30.3%, respectively. In comparison with the PUV, the plywood made of heat treated veneers (PHV) shows a better
decay resistance. After 12 weeks of decay test, the PHV made of 190Vr indicates the best decay resistance, however, it still
suffers an average specimen weight loss percentage of 11% caused by the white rot fungi, Trametes versicolor, it appears
that a further improvement is in need. All the PHV samples passed type I glue line detaching test, but the glue shear
strength of the PHV decreased as the veneer treated temperature increased and only 50% of the PHV made of 190Vr
passed the requirement of type I grading of CNS 1349, which as a whole does not meet the adhesion property of general
plywood requirement. The static bending properties of PHV passed the 1% grade test of CNS 11671. The modulus of
elasticity of PHV and PUV are of not much difference, however, the modulus of rupture of PHV is much lower than the
PUV’s and the amount of plasticity deformation of PHV, especially for those made of 190Vr, is highly reduced. The above

denotes that heat treatment may increase the brittleness and decrease the toughness of wood products.

Key words: Heat treatment, Eucalyptus spp., Veneer, Plywood.
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Table 1 The oven-dried density of heat-treated
and untreated eucalyptus veneers and the
plywood made of them, and the thickness of the

plywood
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Table 2 The equilibrium moisture content of
heat-treated and untreated eucalyptus veneers
and the plywood made of them after exposure to
20°C under different relative humidity

HifatlR  HE B RN 90% RH 60% RH 50% RH

S 22.40™ (0.52)**  12.21°(0.37)  11.21%(0.40)

EMC(%)  170CEy#&FE  18.79°(0.48)  10.21°(0.25) 9.37°(0.25)

FA 190CHEEL  12.09°(0.60) 6.76°(0.23) 6.14°(0.21)
EMC jiyp  TOCHUER 16.12 16.38 16.41
HOD o mgm 46.03 44.63 4523

g 21.12°(0.48)  11.74°(0.23)  10.81%(0.20)
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HOO ogC s 41.90 34.50 34.69

FepaE 20.22°(1.76)  11.67°(0.07)  10.66"(0.09)

EMC(%)  170CEGEEE  17.08°(0.06)  9.81°(0.05) 9.12°(0.02)
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O gpC sy 34.72 31.02 20.55
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(mm)
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(mm)
Z?jifj)i 0.56(0.04)  0.64(0.06)  0.65(0.09)
9 @ER —
Em(%’ﬂ;‘ 17.96 (0.15)  1695(0.17)  15.72(0.18)
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Table 3 The total and average volumetric
shrinkage percentage of heat-treated and
untreated eucalyptus veneers and the plywood
made of them, and the anti-shrinkage effect of

R 4 REEREHREERHERCBRBEERR

E (%)
Table 4 Mold coverage percentage (%) on heat-
treated and untreated eucalyptus veneer
surfaces
o BEERE
WRfE EEAEE — — —
HE Bl A REe ZER
PR 5 100 75 90 0
13 170CHEEHE 100 100 85 100 0
190°CE#EE 100 100 30 100 0
PRI 100 100 100 100 95
23  170CEYEE 100 100 100 100 100
190°CEgEH 100 100 100 100 30

® 5 WNEEHHARERAHAERZTFHESRX
(%)

Table 5 Average weight loss percentage (%) of
9-ply plywood specimens after decay test

the heat-treated veneers and the plywood made | P HYHRIARE)
~f 8. ey
of the veneers PR REFE  10CHVERE  190CHUER
. T e, EETE Gl
B/ AR BARRES REREULERR (%) W2(%) TEE(%) ‘ Gt 9.57 0.85 0.03
s 7.55% (0.36) ** 0.26 = 618
H 170°C Fyia 5 7.45" (0.40) 0.28 1.32 Ag 1851 11.08 2.81
190°C 2y #f 3.82°(0.21) 0.25 49.40 Gt 33.48 11.98 0.01
S 6.19°(0.10) 0.24 = 128
3 JEER 170°C Fyiz 5 6.04*(0.36) 0.27 242 Tv 4728 33.33 11.00
190CEERE  4.58°(0.27) 025 26.01 N i ‘ »
AT 7.66°(0.55) 031 - JEFTRALL 6 BHVEER BARFR) » BT G trabeum F
CIEEH  1T0CEVEEE  7.70°(0.35) 035 0.52 T versicolor ¥} 190°C 2R BB 75 0.03% 52 2.81%
190°C Zhykss 5.34°(0.23) 0.36 30.29 HVE EEL2 0  170°C BGEHRIR A G trabeum FEIE
AR 681°028) 026 — FIFTERVE 2RELRITMER 0.85% o 45 RBUREER
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Table 6 Results of the 12 glue shear strength
specimens for the 3-ply plywood

BNy AL 1T0CHYEEE  190°C By ER
EYal T=ipa) 1.05 (0.1D)* 0.78 (0.08) 0.70 (0.05)
TR L 12 10 6
FA B 100 83 50
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Table 7 Bending properties of the 6-ply plywood
specimen with the grain of the face veneer parallel
to the span

B A=3

Wi GEEE RE&  MOE  MOR  orm(mm)
fike| (gcm3) K#(%)  (GPa) (MPa) T W
0.66%* 15.11° 9.96°  54.13* 328 11.83°
AP 0.02)**  (0.25) (1.98)  (8.69)  (0.42) (4.00)
170°C 0.72° 9.66" 12.12° 5248  3.27° 7.40%
I (0.03) (0.10) 0.93) (17.73)  (0.78) (2.37)
190°C 0.70° 8.95° 10.06*  23.04"  2.87° 5.04°
I (0.03) 0.25) 042)  (5.42)  (0.74) (2.95)
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