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Physical and Colorimetric Changes
in Okan (Cylicodiscus Gabunensis)
Wood After Heat-Treated at Different
Temperature

1. Introduction

Thermal modification is a treatment performed at
elevated temperatures (160-260°C) during a short time
in an environment free from oxygen or with low oxygen
content using steam, inert gas (nitrogen), or oil (Boonstra
et al., 1998; Sailer et al., 2000; Kocaefe et al., 2008).
Heat-treated wood has a growing market in outdoor
applications like exterior cladding, window and door
joinery, garden furniture and decking. There are also
many indoor applications for heat-treated wood such
as flooring, panelling, kitchen furnishing and interiors
of bathrooms and saunas (Viitaniemi, 2000). Many
researches have reported the effect of heat treatment on
properties of temperate wood species which are mainly
use for industrial-scale heat treatment in Europe such as
scots pine, norway spruce birch, aspen, and alder (Yildiz,
2002: Bekhta and Niemz, 2003; Johansson and Moren,
2006; Esteves et al., 2007: Kocaefe et al., 2008; Pena and
Hale, 2009).
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Their studies revealed that heat treatment can reduce
wood hygroscopy, improve wood dimensional stability
and durability without any toxic chemicals. Previous
researches were also stated that one of the important
effect of wood heat treatment is the change in wood color.
However, up to now there is limited or no information on
properties of heat-treated wood from tropical species.
Therefore the objective of this study is to evaluate the
physical properties and color changes of Okan wood
(Cylicodiscus gabunensis) which belong to tropical wood
species after heat-treated at different temperature.

2. Materials and Methods

2.1. Materials
Heat-treated wood were prepared from sapwood and

heartwood part of Okan (Cylicodiscus gabunensis (Taub.)
Harms) wood obtained from Africa tropical rainforest. The
samples dimensions were 300 mm x 90 mm x 20 mm in
length, width and thicknes respectively.
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In this experiment only sample with good orientation,
small variation in density, and absence of defects were
prepared. The samples were heat-treated in a modified
electric kiln (L-Series, JEIO TECH Ltd., Korea) in low
presence of oxygen by using inert gas (nitrogen). The
samples were heat-treated at 160°C, 180°C, 200°C, and
220°C for 2 hours, and one untreated sample was used
as control. After the treatments, the samples were placed
in conditioning room at temperature of 25°C and 40%
of relative humidity until the physical properties and
colorimetric evaluation.

2.2. Methods

The weight and dimension of samples before and
after heat treatment were measured to determine the
weight and and density reduction according to KS F 2198
as a standar for determining the density and specific
gravity of wood (Korean Industrial Standards, 2011). The
colorimetric evaluation was performed by using CIE-L*a*b*
system as method to determine wood color (Commission
International de |'Eclairage). Four measurements of each
sample images before and after heat treatment were taken
by using Photoshop CS4 (Adobe Systems Incorporated
USA, 2008) to obtain L*, a* and b* color values. The A
E* (color difference between heat-treated and control
samples was measured through following equation:

AE*= (A [*2+ A %2+ A b*2)1,t‘2

Where: AE = color difference between heat-treated
and control samples; AL* Aa* Ab* = lightness, red-
green coordinate and yellow-blue coordinate variation,
respectively; L* = lightness; a* = red (+) - green {-) color

coordinate; b* = yellow (+) - blue (-) color coordinate.

The anatomical structure of the samples were also
examined using scanning electron microscope (JEOL,
JSM-5510). Micrographs were taken from the cross section

of the control and heat-treated samples with size of 0.5.

cm by 0.5 cm to detect the changes in the wood cell
structures. The samples were put under vacuum chamber
and coated with a thin layer of gold by an ion sputter
coater for 2 minutes.

3. Results and Discussion

3.1. Physical Properties

Wood Region Weight (g) Weighi loss (%) Density (g/em’) Density reduction (%)
476
[ S S
8.03 —a 33
Sapwood 75 SR B———
9.12 L 387
077
s 0.71 692
L10
7.95 T e
9.88 — 308
Heartwood i e
10.37 ——i—— iy
09
13.08 05 4.04

<Table 1.> Physical properties of Cylicodiscus gabunensis before and after

heat-treated at different temperatures for 2 hours

Table 1 displays some physical properties of the samples,
The results showed that heat-treatment significantly
reduced weight and density of samples. Weight loss
was significantly increased with increasing temperature.
However, density reduction between different temperature
was not significantly different.

Weight and density reduction can be explained by typical
micrographs taken from the cross sections of control
samples and heat-treated samples presented in Figure 2. It
is clear that high temperature treatment caused shrinkage
and certain damage on cell wall of samples. Esteves and
Pereira (2009) stated that during the heat treatment
process, extractives, hemicellulose and a part of cellulose
molecules in the amorphous regions are degraded due to
high temperature. This causes the chemical changes of
the wood; or in other words, the basic components of the
wood cell wall structure are changed in their number and
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dimension, leading to the reduction in dimension and
weight of the wood after heat-treated.

<Fig 2.> SEM images of sapwood part of Cylicodiscus gabunensis samples
heat-treated at different temperatures:
(A) Control; (B) 1600C; (C) 1800C; (D) 2000C; (E) 2200C

3.2. Color changes
Table 2 summarizes the color parameters of Cylicodiscus

gabunensis before and after heat-treated at different
temperatures for 2 hours. It appears that wood species
significantly influenced lightness (L*) and yellow-blue
color coordinate (b*) properties. All the wood samples
showed a darker tone for all heat-treatment temperature,
with the maximum lightness reduction (A L*) and
vellow-blue color coordinate (b*) obtained on sapwood
samples heat-treated at 220°C. Darkening as a result of
heat treatment was clearly visible and it increased with
increasing temperature as seen in Figure 2.

The highest color difference (A E) value was 49.70 for
sapwood and 39.30 for heartwood after heat-treated at
220°C for 2 hours. Results of this study are compatible
with the other researchs results. Shi et a/. (2011) stated that
heat treatment resulted in a darkening of wood tissues
and the color became dark with temperature increase.
Their study also revealed that the effect of treatment
temperature on color change in sapwood is more obvious
than that in heartwood as occured in this study. According
to Ishiguri et al., (2003), the discoloration is related to
the migration and volatilization of color extract in the
heating process, or the rapid oxidation of lignin and some
chemical element in high temperature.

<Table 2.> Color parameters of Cylicodiscus gabunensis before and after
heat-treated at different temperatures for 2 hours

Wood m Treatment E 31: DL Da Db DE
Control 6525 375 3775 o
Lo S5 IF 37 e L0 300 82
= ~Cantrol BR 08 B 350 w750 28
] 550 2475 3039
150 4350 4970
525 663 1821
$00 1900 2012
Heartwood
825 2625 3594
975 375 3030

<Fig 1.> Color change of sapwood part (A) and heartwood part (B) of
Cylicodiscus gabunensis before and after heat-treated at different
temperatures: (1) Control; (2) 160T; (3) 180T; (4) 200T; (5) 220T

4, Conclusion

This work investigated the effect of heat treatment on
physical properties and color change of sapwood and
heartwood part of Okan wood (Cylicodiscus gabunensis).
Based on the findings in this work, weight loss increased
by increasing heat temperature. Density of samples
after heat treated were also decreased as compared
to control. Color changes was significantly affected by
heat treatment, higher treatment temperatures result in
darker wood color. Furthermore the effect of treatment
temperature on color change in sapwood is more obvious
than that in heartwood.
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