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Jabon (Anthocephalus cadamba) is a promising fast-growing wood species to overcome
the decreasing wood supply from natural forests. However, fast-growing wood has inferior
properties compared to wood from natural forests, so improving the wood quality through
oil heat treatment is needed. This research aimed to determine the effects of treatment
temperature during oil heat treatment on the physical and mechanical properties of jabon
wood. Each wood specimen was oil heat-treated at 170°C, 190°C, and 210°C for 4 hours.
Color change of wood after treatment was evaluated using the CIE-Lab color system. The
weight changes, volume shrinkage, density, moisture content, compressive strength, and
hardness before and after heat treatment were also observed. The results revealed that the
lightness (L*) of wood remarkably decreased after oil heat treatment, showing a darker
color with increasing treatment temperature so that it resembled the color of exotic wood
with high economic value. Oil heat treatment resulted in a weight gain and a volume
reduction of jabon wood, followed by an increase in density. The wood moisture content
decreased as the temperature increased, indicating that wood is more hydrophobic after oil
heat treatment, thereby enhancing its dimensional stability. Moreover, the oil heat
treatment also increased the compressive and hardness of wood samples. In conclusion, it
was found that the characteristics of jabon wood could be enhanced with oil heat treatment.

1. INTRODUCTION

The decline in the quality and quantity of natural forests
requires community and plantation forests as wood suppliers
[1]. According to Marsoem [2], community forests have
enormous potential in supplying wood as industrial raw
materials because the wood produced from community forests
is mostly fast-growing. Statistics Indonesia [3] reported that
the potential of community forests in Indonesia is promising,
with a total area of 2,000 ha and is dominated by fast-growing
trees, such as jabon (Anthocephalus cadamba). Jabon trees are
suitable as investment plants, reclamation of ex-mining land,
and reforestation [4]. However, fast-growing wood has
weaknesses such as low specific gravity and durability, which
impact wood resistance and low dimensional stability [5].

To enhance certain qualities of wood, one of the most
cutting-edge techniques is to subject it to a heat treatment [6-
9]. Wood modification via heat treatment has been proven to
enhance the hydrophobicity, dimensional stability, and
biological resistance of wood [10, 11]. Hydrophobicity
increased as shown by higher contact angle and lower
wettability characteristics, and equilibrium moisture content
was lower in heat-treated wood than the untreated wood [7,
12]. Heat treatment can also modify the wood’s physiology by
destroying the tracheid wall, stingray tissue, and desperation
pits [13]. Wood species, heat treatment method, and process
conditions all have a role in this [14].
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Oil heat treatment (OHT) is one of the affordable,
chemically sustainable, and environmentally friendly wood
modification techniques [15]. Dimensional stability,
hydrophobicity, mold, and darkening resistance and fire safety
can be improved by oil absorption, as was shown in another
study connected to the heat treatment of oils [16, 17].
Treatment with oil heat improved the dimensional stability of
wood, as compared to treatment with hot air and nitrogen [18].
OHT is another option that may be utilized to further improve
the quality of wood for use in outdoor applications as well as
uniformly stain the surface [19].

There have been a number of studies in the past that have
been widely reported on the effect of OHT on improving wood
in the property. After being heated in an oil media, Populus
spp. wood’s compressive strength rose as a result of the oil’s
ability to thicken cell walls and fill lumens [20]. A separate
study found that heating Chinese fir wood in oil made it denser
and less likely to shrink [21]. After being changed by heat
treatments in oil and air, Paulownia tomentosa and Pinus
koraiensis woods changed in color and weight in different
ways [22]. The structure of gmelina and Mindi wood is also
changed by oil heat treatment. In both wood species, OHT
thickens the cell walls of the fibers [23]. Recent research also
explains that OHT causes an increase in wood density, volume
shrinkage, compressive strength, and hardness [24].

As explained above, oil heat treatment could be promising
as a way to improve and change some properties of wood.
However, there is still limited study on oil heat treatment of
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fast-growing wood species. In particular, there has not been
much research on the oil heat treatment of jabon wood. Hence,
this study was carried out to contribute novel scientific
information regarding the impact of oil heat treatment on the
properties of jabon wood.

2. MATERIALS AND METHODS
2.1 Materials preparation

Jabon (Anthocephalus cadamba) wood of 6-year-old was
collected from a community forest in Tanjung Bintang,
Lampung Selatan Regency, Lampung Province, Indonesia.
The logs were cut into boards with as size of (300 x 90 x 20)
mm? in length, width, and thickness, respectively. Boards were
chosen for their lack of knots and straight grain. The board
samples were then dried before subjected to oil heat treatment.
Considering that the wood is freshly cut (green wood), wood
drying was carried out in two stages, namely air drying for
approximately 2 weeks to minimize drying defects, followed
by oven drying at 100°C for 24 hours. Oven-dried samples
were used for oil heat treatment.

2.2 Oil heat treatment process

The oil heat treatment process was performed using a lab-
scale oil heat treatment kiln (Figure 1). Commercial palm oil
(FILMA, PT. SMART Tbk., Jakarta, Indonesia) was used. The
palm oil used has a light-yellowish color, density of 0.85 g/cm?,
and viscosity of 4.70. The wood samples were organized using
a metal sticker, and the top pile was held in place with a metal
brace to avoid floating during treatment. The kiln receives
vegetable oil. At room temperature, samples were soaked in
oil and heated to 170°C, 190°C, and 210°C at 2°C/min for 4 h.
After heat treatment, wood samples were cooled and drained
to dry any remaining oil on the wood surface. Wood samples
were stored indoors at room temperature for 2 weeks until
further testing.

Metal
holder

Thermometer

Vegetable —
oil

Metal —
sticker

Figure 1. Oil heat treatment kiln

2.3 Wood properties evaluation before and after oil heat
treatment

2.3.1 Color change

The CIE L*a*b* system was utilized to calculate the color
change. This system is comprised of three factors, which are
as follows: L* (lightness), a* (red/green chromaticity), and b*
(yellow/blue chromaticity). A chromameter (AMT507,
Amtast, China) was used to collect three readings at different
points on each specimen’s radial surface before and after being
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subjected to heat treatment. The following equation was used

to determine the overall color change:
AE*=(AL**+Aa**+Ab*?)” 1)

The shift of lightness, red/green chromaticity, yellow/blue

chromaticity, and overall color are shown by AL*, Aa*, Ab¥*,
and AE*, respectively.

2.3.2 Physical properties evaluation
The following formula was used to determine the weight
changes percentage before and after heat treatment:

oy _ Th — My
WC(/())—m—Xloo
0
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where, my is the sample weight before heat treatment (g), and
m; is the sample weight after heat treatment (g).

The volume shrinkage of samples before and after heat
treatment was estimated using the following equation:

Vo _V1

0

VS(%) = X 100 3)

where, V) is the volume of samples before oil-heat treatment
(mm) and V7 is the volume of samples after oil-heat treatment
(mm).

Using the following formula, the density (D) of samples
before and after heat treatment was estimated.

D(g/em) == o)

where, m is the weight (g), and v is the volume of samples
(cmd).

The moisture content of the wood before and after oil heat
treatment was measured by weighing the air-dry weight and
oven-dry weight of the samples using the following equation:

M, - M,

0

(&)

where, M) is the initial weight (g), and M; is the final weight
(&)

After measuring three samples for each physical attribute
following each treatment, the mean values were calculated.

2.3.3 Mechanical properties evaluation

The compressive strength of untreated and heat-treated
samples was calculated according to ASTM D 143-94 [25]
with the formula:

P = (6)

F
A
where, F is the maximum load (N), A4 is the compressive
surface area (mm?), and P is the compressive strength of the
wood (N/mm?).

The hardness of OHT wood and control wood was
compared using the maximum hardness value (p hard)
referring to ASTM D 143-94 [25] on a sample size of 5 cm X
5 cm x 2 cm using half a steel ball. This test uses a steel ball
compression section with a diameter of 11.7 mm.



2.4 Data analysis

Univariate analysis of variance and Duncan’s multiple
range tests were used to assess statistically significant
differences between mean values of weight changes, density,
volume shrinkage, compressive strength, and hardness across
treatment temperatures (SPSS version 24; SPSS Inc., Chicago,
IL, USA).

3. RESULTS AND DISCUSSION
3.1 Color change

Figure 2 depicts the appearance of jabon wood before and
after oil heat treatment. As the temperature of the treatment
increased, the wood color darkened. The wood after oil heat
treatment has a darker color and looks more aesthetically
similar to exotic woods from natural forests, so it can
potentially increase economic value. The variations in
lightness (L*) after heating oil are shown in Figure 3. The L*
value drastically reduced as the temperature rose. Suri et al.
[22] discovered that oil-heated P. tomentosa and P. koraiensis
wood changed into darker color. Hidayat et al. [26] discovered
that L* decreased with increasing temperature in air-heated P.
tomentosa and P. koraiensis woods. Kim et al. [27] discovered
that L* dropped as temperature increased in air-heated P.
tomentosa wood.

@

Figure 2. The look of jabon wood after being subjected to oil
heat treatment at varying temperatures: (a) untreated sample,
and heat-treated samples at (b) 170°C, (c) 190°C, and (d)
210°C

As seen in Figure 3, the a* value increased as the treatment
temperature increased. At 170°C and 190°C, the red/green
chromaticity of both wood species increased, whereas it
declined significantly at 210°C. The a* value of heat-treated
spruce wood, as observed by Bekhta and Niemz [28],
increased during the first two hours of treatment and then
stayed practically constant. P. fomentosa and Populus
tementiglandulosa showed an increase in a* value after heat
treatment [27].

Figure 3 also illustrates the shift in yellow/blue chromaticity
(b*) of jabon wood after oil heat treatment. At 170°C and
190°C, the b * value of the treated wood samples rose, however,
it decreased rapidly at 210°C. According to Bekhta and Niemz
[28], the b* value of heat-treated Norway spruce wood peaked
at 150°C and gradually fell to 200°C. Kim et al. [27] came to
the same conclusion: after two hours of air treatment, the b*
value of P. tomentosa wood increased from 160°C to 200°C
and then decreased to 220°C. The color shift of air heat-treated
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P. koraiensis wood also showed an increase of b* at 160°C
and then decreased at higher treatment temperatures [26].

Figure 4 displays the overall color changes (4E*) of hot-oil-
treated jabon wood. There was a correlation between the
treatment temperature and the degree of color change in the
wood. The high boiling point of oil means that it can be heated
to very high temperatures during oil heat treatment, altering
the chemical characteristics of wood components [22, 23, 29].
That could be one of the causes of oil discoloration while
heating. The breakdown of hemicellulose shifts in chemical
components and the generation of products of oxidation are
the primary contributors to a dulling of coloration following
heat treatment [17, 28].
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Figure 3. Change in L* a* and b* of jabon wood after oil
heat treatment
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Figure 4. Change in 4E* of jabon wood after oil heat
treatment

3.2 Physical properties

Table 1 displays the differences in jabon wood’s weight
before and after it was subjected to heat treatment. After being
subjected to oil heat treatment, jabon wood indicated an
increase in weight. One possible explanation for the increase
in weight of the wood sample following oil heat treatment is
oil uptake by the wood [17, 22, 30, 31].

Pinus radiata wood absorbs oil during heat treatment,
leading to weight gain, followed by a decreasing trend in
weight when heating times and temperatures are increased
[17]. P. tomentosa and P. koraiensis woods treated with oil
gained weight as the heat treatment temperature rose [22].
Upon subjecting aspen wood to heat treatment in oil at 190°C
to 220°C for 4.5 and 6 h, the wood increased in weight by 83.2
to 86.2% [30]. Similarly, weight increased with oil heat



treatment and decreased with air heat treatment in Fagus
orientalis wood [31]. However, as the treatment temperature
is raised, bound water and extractives are likely removed from
the wood, resulting in weight loss. In addition, the heat
treatment caused the hemicellulose in the wood to decompose,
leading to a loss of weight [7].

Table 1. Physical properties of jabon wood during oil heat

treatment
Temperature Weight lef)ill:ll?; Ze Density l\é[giftt;::
(°C) Changes (%) (%) (g/cm?) %)
Control - _ (%-f)%a) 121 ;g;
L T N s
190 41.19b(5.93) (21739;) (%.71‘2; é- ig’)
210 40.41°(3.07) (5'15%3) (%-.7156; (‘;:22%3)

*Standard deviations are shown by the numbers in brackets. Duncan’s
multiple range tests revealed statistically significant variations between
treatment temperatures (shown by the various lowercase letters).

The oil heat treatment resulted in a volume reduction of
jabon wood, as shown in Table 1. Wood that has been heated
undergoes a reduction in volume. Treated wood with oil heat
experienced a little volume reduction as the treatment
temperature was raised. The shrinkage of heat-treated oak,
teak, and chanul woods was shown to increase with increasing
treatment temperature [32]. According to Uribe and Ayala [33],
after heat treatment at 180°C, the volume shrinkage for species
often demonstrates significant variation. It was also noted by
Hidayat et al. [7] that the shrinking volume of Cylicodiscus
gabunensis wood increased with rising temperature and that
this was likely related to variations in the wood’s density and
volatile extractive content. When the number of cells in wood
increased in thickness, the shrinkage and swelling values also
did [34, 35].

As can be seen in Table 1, jabon wood’s density altered after
being heated. Density increased with increasing treatment
temperature due primarily to oil absorption during treatment.
The density peaked at 170°C and dropped at 190 and 210°C.
Suri et al. [24] reported that the density of oil heat-treated P.
tomentosa and P. koraiensis increased and decreased with
increasing the treatment temperature and time. The density of
oil-heated P. radiata wood was significantly raised, almost
80% greater than that of untreated samples [32]. The oil uptake
caused an initial rise in density of 75% for oil-heat-treated
Chinese fir wood, which then steadily reduced with increasing
treatment temperature and time [21]. Degradation of
hemicellulose and volatile components were cited as two
potential causes of density loss after heat treatment.

As shown in Table 1, the moisture content after oil heat
treatment shows a decrease as increasing the treatment
temperature. This tendency shows that wood is more
hydrophobic so that it can increase wood’s dimensional
stability. The moisture content of Picea glauca wood treated
with OHT was lower at 220°C compared to 200°C and control
samples [16]. After oil heat treatment, the wood’s moisture
content drops because oil seeps into the wood and replaces the
water lost through evaporation at temperatures above 100°C
[18]. The moisture content of the wood reduced when oil heat
treated wood is dried because the temperature utilized does not
cause the oil to evaporate [30].
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3.3 Mechanical properties
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Figure 5. The temperature dependence of the increase in
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Figure 6. The temperature at which the oil is heated affects
hardness of the jabon wood becomes (different letters above
the bar graph show significantly different at a 5% confidence

level)

Figure 5 displays the compressive strength of oil-heated
jabon wood. When the treatment temperature was elevated
over 180°C, all oil heat-treated samples reached their
maximum compressive strength and then gradually lost
strength as the temperature continued to rise.

The samples that had been subjected to heat treatment had
a compressive strength that was much greater than that of the
samples that had not been treated. Samples that were heat
treated show their compressive strength peak at 170°C, then
decline at 190 and 210°C. Increased axial compressive
strength following oil heat treatment may be due to the oil
ability to thicken, and lumen fills the cell walls of the treated
samples [24]. This finding is consistent with those of other
research that has examined oil heat treatment under varying
temperatures. For example, following heat treatment in
sunflower seed, linseed, and rapeseed oils at temperatures of
160 and 200°C for 2, 4, and 6 hours, respectively, the
compressive strength of Populus wood rose by 15%-25% [36].
On the other hand, oil heat-treated Scots pine and beech woods
showed minimal to no change in compression strength due to
the wood’s high density and strong oil absorption [37]. As a
result of the increased density and crystallinity, heat-treating
wood is thought to boost its compressive strength [17, 24, 27].
Nevertheless, hemicellulose degradation in wood polymers is



primarily responsible for the loss in compressive strength of
heated-treated Picea orientalis wood at temperatures between
150 and 200°C [38].

A comparison of the original and oil-heated jabon wood
hardness is shown in Figure 6. After being treated with oil,
jabon wood became much harder as the temperature increased.
Heat treatment under varying atmospheric conditions has been
demonstrated to increase wood hardness in numerous
researches. For example, at temperatures of 165 and 210°C, it
was observed that the air-heat treatment of silver birch wood
resulted in an increase in the wood’s hardness on both the
radial and tangential surfaces [39]. This was most likely the
result of an increased concentration of mannan in the
hemicelluloses [39]. After one hour of treatment at 180 and
200°C, the hardness of Betula pubescens wood rose, but after
two and a half and four hours of treatment at those
temperatures, the hardness reduced dramatically [40]. More
crystalline cellulose, less bound water, and crosslinked lignin
polymers may all contribute to oil-heat-treated wood’s
increased hardness [24, 41, 42].

4. CONCLUSIONS

The wood’s color became darker after being heated with oil.
After undergoing oil heat treatment, jabon wood showed an
increase in weight and a reduction in volume. Post-oil-heat-
treatment weight gain slowed down as temperature increased.
Moreover, oil heat treatment significantly enhanced the
density of the wood samples. As the oil heat treatment
temperature increased, wood became more hydrophobic,
enhancing its dimensional stability. Moreover, the oil-heat
treatment enhanced the compressive and hardness of wood
samples. The study shows that species features could be
improved by oil heat treatment.
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