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Effect of ethanol concentration as drying agent to the mechanical properties
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ABSTRACT: This study examines the impact of ethanol on oil palm lumber as a drying
agent. The mechanical characteristics of oil palm timber were assessed. The ethanol
immersion process utilized concentrations of 91%, 70%, 85%, 55%, and 49% for both the
internal and external layers of oil palm timber. The treated outside layer of oil palm lumber
demonstrated superior strength compared to the untreated control. In contrast, the strength of
the treated core layer diminished compared to that of the control oil palm timber. Our research
demonstrates that the ethanol drying technique for oil palm trunk was efficacious. It shows
that ethanol influenced the mechanical properties of both the outer and core layers of the trunk
after 24 hours at 80°C in an oven with an optimal ethanol concentration of 55% recommended
to attain superior mechanical properties.
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Yag palmiyesi kerestesinin mekanik 6zelliklerine kurutma maddesi olarak
etanol konsantrasyonunun etkisi

OZ: Bu ¢ahismada etanoliin yag palmiyesi kerestesi iizerinde kurutma maddesi olarak etkisi
incelenmektedir.. Yag palmiyesi kerestesinin mekanik 6zellikleri degerlendirilmistir. Etanol
1slatma i¢in, islem yag palmiyesi kerestesinin hem i¢ hem de dis tabakasi i¢in %91, %70,
%85, %55 ve %49 konsantrasyonlar1 kullanilarak gerceklestirildi. Islenmis yag palmiyesi
kerestesinin dis tabakasi, islenmemis kontrole kiyasla daha iistiin bir dayaniklilik gosterdi.
Buna karsilik, islenmis ¢ekirdek tabakasmnin mukavemeti, kontrol yag palmiyesi kerestesine
kiyasla azaldi. Arastrmamiz, yag palmiyesi govdeleri i¢in etanol kurutma tekniginin etkili
oldugunu gostermektedir. Etanoliin, bir firnda 80°C'de 24 saat sonra govdenin hem dis hem
de ¢ekirdek katmanlarinin mekanik 6zelliklerini etkiledigini ve listiin mekanik 6zellikler elde
etmek i¢in %55'lik optimum etanol konsantrasyonunun dnerildigini géstermektedir.

Anahtar kelimeler: Yag palmiyesi govdesi, etanol, kurutma maddesi, mekanik ¢zellikler
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1 Introduction

The drying of oil palm lumber (OPL) has consistently limited its broader use. The elevated
green moisture content (about 300-500%) and significant density variation throughout the
stem render the drying of OPL a laborious and energy-demanding procedure (Rais et al.
2021). No viable commercial drying schedule for OPL has existed until recently. The
traditional drying technique of OPL in a kiln dryer requires 30-35 days and it is associated
with various drying effects (Nadzim et al. 2021). Consequently, it is imperative to devise an
effective technique for expediting the drying of OPL.

Ethanol may serve as a drying agent for OPL due to its volatility. Previous literature
indicates that methanol and ethanol have been utilized as drying agents in the drying process
of radiata pine (Pang, 2006). This action can avert the development of discoloration and
staining in wood referred to as kiln brown stain (KBS), a significant drying fault of wood. The
author stated that by drying radiata pine in methanol and ethanol solutions, brighter and KBS-
free wood was obtained. Significantly, it permits the utilization of elevated temperatures
without inducing surface discoloration, hence it enhances the efficiency of the drying process
(Pang, 2006). The research demonstrated the viability of using evaporative agents such as
alcohol in the drying process.

Consequently, this study employed ethanol as a desiccant for OPL. The OPL was
immersed in ethanol solvent before undergoing the drying procedure. The impact of this
drying technique on the mechanical properties of the OPL remains unexplored. There is
concern that elevated stress will occur as ethanol enhances intracellular water removal leading
to wood fracture and, consequently, detrimental effects on the mechanical properties of wood.
This study aims to examine the impact of ethanol as a drying agent for OPL on the bending,
shear, and compression strength of the material.

2 Material and Method
2.1 Material

A 25-year-old oil palm tree (OPT) was harvested from the oil palm plantation in UiTM
Jengka, Pahang, Malaysia. The trunk was cut 3 m from the bottom of the tree. 95% denatured
ethanol (Sigma-Aldrich) was used as a drying agent in this study.

2.2 Sample preparation

The logs were processed and flat sawn into boards with dimensions of 60 cm x 5 cm x 5
cm (length x width x thickness). The first process was cutting the OPT into a wood disc
consisting of 60% core layer of the trunk and 40% of the outer layer. After that, the oil palm
trunk was cut into two layers using a primary breakdown saw. Then, the lumber was
immediately placed into a freezer to avoid fungi attack. Then, the OPL was removed from the
freezer and placed into a box filled with different concentrations of ethanol, namely, 91%,
70%, 85%, 55%, and 49%. The ethanol was diluted using distilled water. The OPL was
immersed in ethanol for 24 hours to allow proper penetration of the solvent into the OPL.
After the immersion process, the sample was dried in an oven for 4 to 5 days at 80°C.

2.3 Mechanical properties evaluation

The OPL samples were cut into the required size for properties evaluation after drying. The
samples were cut into dimensions of 20 mm x 20 mm x 300 mm in accordance with BS 373:
for bending strength (1957). Meanwhile, the samples were cut into dimensions of 20 mm x 20
mm X 60 mm according to ASTM D143 for compression parallel to the grain (1991) The
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shear sample sizes were cut according to ASTM D 143-94 (2000) which is 50.8 mm x 60.5
mm x 50.8 mm. Five replicates were prepared for each test.

2.4 Data analysis

Response Surface Methodology (RSM) is used to determine the influence of individual and
interactive parameters on the mechanical properties of the samples.

3 Results and Discussion
3.1 Density

Figure 1 depicts the oven-dried density of the core and inner OPL before and after
immersion in ethanol. The outer plexiform layer (OPL) generally exhibits a higher density
than the inner OPL. After immersion in several concentrations of ethanol, the density of the
oil palm lumber augmented for both inner and outer OPL in comparison to the control
(untreated) OPL. The untreated inner and outer OPL exhibited densities of 202 kg/m? and 303
kg/m3, respectively. The highest density after immersion in ethanol was recorded in OPL
treated with 55% ethanol for 5 hours, resulting in a density of 309 kg/m? for the inner layer
and 530 kg/m3 for the outer layer. Ethanol, as a polar solvent, can interact with the substance
and alter its molecular structure, perhaps resulting in a change in density.
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Fig. 1. Density of outer and core OPL samples soaked in different concentrations of
ethanol solution and soaking time.

3.2 Mechanical strength

Figure 2 shows the effect of concentration and soaking time on the mechanical properties
of OPL.
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Fig. 2. The 3D-surface plots of (a) MOE of outer layer; (b) MOE of inner layer; (c) MOR
of outer layer; (d) MOR of inner layer; (e) shear strength of outer layer; and (f) shear strength
of inner layer, as function of alcohol concentration and soaking time

3.2.1 Modulus of elasticity (MOE)

Figure 2a illustrates the impact of concentration and soaking duration on the MOE of OPL.
The MOE diminished with rising ethanol content and prolonged soaking duration. This may
be due to the elevated concentration of ethanol employed as a drying agent, which could have
compromised some parenchyma components in the outer layer of the oil palm trunk.
Meanwhile, quadratic effects are demonstrated for the inner layer (Figure 2b). This finding
indicates that the concentration of ethanol predominantly influenced the MOE, rather than the

duration of soaking.
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3.2.2 Modulus of rupture (MOR)

Figure 2c illustrates a quadratic effect on the MOR of the outer layer. MOR continues to
rise with increasing ethanol content until it attains a maximal point. Beyond this threshold, the
MOR value diminished in relation to concentration and soaking duration. The reduction in
bending MOR was likely due to the medium concentration of ethanol adequately drying the
outer layer of OPL, thereby stabilizing the vessel and fiber structure and potentially averting
collapse and deformation post-soaking. A comparable observation was noted for the inner
OPL, as illustrated in Figure 2d.

3.2.3 Shear Strength

Figure 2e illustrates the influence of ethanol content and immersion duration on the shear
strength of the OPL outer layer. The ethanol concentration had relatively minimal effect on
shear strength in comparison to soaking duration. The maximum concentration gave the
lowest shear strength parallel to the grain, and this gradually increased with increasing
soaking time. This was anticipated to result from the disparity in the quantity of parenchyma
cells and vascular bundles across the layers with the peripheral zone (outer layer) consisting
of a limited number of parenchyma cells and numerous vascular bundles which enhances the
mechanical stability of the palm trunk (Lim and Gan 2005). Figure 2f illustrates that the inner
OPL was influenced by both the ethanol content and the soaking duration similar to the outer
layer. Nonetheless, the inner layer was more profoundly affected as evidenced by the steeper
slope in Figure 2f.

3.2.4 Discussion

Ethanol as a polar solvent can interact with the material and change its molecular structure
potentially leading to a change in density. This observation aligns with previous studies on the
impact of solvents on material properties (Renders et al. 2016). In a study by Conner et al.
(1993), the researchers explored the changes in wood extractives from oak cask staves during
the maturation of Scotch malt whisky. Their investigation revealed that repeated exposure to
aqueous ethanol led to compositional alterations in the lignin present in the wood. In a recent
study by Wu et al. (2020), a novel approach utilizing eutectic solvents was introduced to
prepare softened wood with several enhanced properties. This method yielded wood with a
highly porous network structure, a reduction in lignin, hemicellulose, and cellulose content, a
change in colour, decreased hardness, superior mechanical flexibility, and an impressive
compression rebound rate of approximately 90%. The changes in chemical composition and
density inevitably affected the mechanical properties of the OPL as discussed above.

4. Conclusion

The work described in this paper demonstrates that ethanol can effectively be a drying
agent for oil palm lumber. From this overall research, it can be concluded that:

e The outer layer of OPL after treatment had more strength compared to control
OPL.

e The strength of the treated core layer decreased compared to the control OPL.

e The drying method by soaking the OPL in ethanol for 24 hours at 80°C was
successfully performed and only 55% of ethanol concentration was required to
achieve optimal properties of OPL.

e Nevertheless, the utilization of alcohol must be approached with caution due to
its great flammability. Additional research is required to alleviate this risk.
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