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Article Info ABSTRACT
Article type: Background and Objectives: Densification serves as a mechanical
Full Length Research Paper  modification method aimed at enhancing the mechanical properties of
cultivated fast-growing woods. However, a common challenge associated
Article history: with densified wood is the reduced recovery of its initial form. Heat
Received: 01.18.2023 treatment_has been yvldely adopted as a soluthn, but it oftep results in a
Revised: 07.04.2023 decrease in mechanical properties. An alternative approach involves heat
Accepted: 07.06.2023 treatment with plant-functionalized oil, where the functional groups of the
oil react with the hydroxyl groups in the wood. The objective of the current
study was to address the loss of mechanical properties by combining

Keywords: densification and heat treatment using epoxidized soybean oil.
Cultivated wood,
Densification, Materials and Methods: In the current study, fast-grown poplar wood

Flexural strength,

underwent impregnation with both raw and epoxidized soybean oil,
Impact strength

followed by densification to a compression set of 30 percent. Subsequently,
the oil-impregnated and densified samples were subjected to heat treatment
in an oven at 180 °C for a duration of four hours. The aim was to
comparatively investigate the mechanical properties of both the densified
and non-densified samples, which were impregnated with either raw or
epoxidized oil.

Results: The calculation of oil uptake values for both raw and epoxidized
soybean oil in both densified and non-densified samples revealed that the
non-densified sample exhibited nearly twice the uptake of epoxidized oil
compared to the raw oil. This can be attributed to the higher polarity and
enhanced penetrating ability of the epoxidized oil. Densification resulted in
a significant reduction of oil content in both cases; however, the densified
sample treated with epoxidized oil exhibited higher oil uptake compared to
the raw oil. The analysis of mechanical properties indicated that heat
treatment with raw oil caused a 97 percent loss in flexural strength, while
heat treatment with epoxidized oil resulted in a 7 percent loss.
Additionally, heat treatment of densified wood using raw and epoxidized
oil led to a 96 percent and 20 percent decrease in hardness values,
respectively, compared to the non-heat-treated samples. Moreover, heat
treatment of densified wood in the presence of epoxidized oil resulted in
decreased flexibility and impact strength.
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Conclusion: Impregnating wood with epoxidized oil, due to its permeation
into the cell wall, resulted in a significant reduction in flexural strength and
hardness. However, subsequent densification further increased these
strengths. Heat treatment of the epoxidized oil-impregnated samples after
densification resulted in a lesser decrease in flexural strength and hardness
compared to samples impregnated with raw oil. However, this effect was
not observed in terms of impact strength. In general, heat treatment in
epoxidized soybean oil can be considered an effective method for reducing
the spring back and water absorption of densified wood. This treatment
also contributes to a lesser decrease in mechanical strength. Therefore, it
can be recommended as an effective approach for mitigating these effects
on densified wood.
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Figure 1. Reaction of epoxidized soybean oil with wood (9).
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Table 1. Treatment levels and defined codes for each level.
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Figure 2. Oil uptake values of densified samples impregnated with raw soybean oil and epoxidized soybean oil.
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Figure 3. Average values of modulus of rupture (MOR) and modulus of elasticity (MOE) for control and
densified samples.
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Figure 4. Average values of impact strength for the control and densified samples.
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