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Article Info ABSTRACT

Article type: Background and Objectives: The implementation of a logging ban period
Full Length Research Paper  hag restricted the exploitation of ecologically durable forest trees, shifting
focus toward the cultivation and utilization of fast-growing species. To
enhance the application of species such as poplar (Populus spp.), it is
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Received: 07.17.2025 essential to modify their inherent weaknesses. This study investigates
Revised: 09.23.2025 the effects of soybean oil functionalization and different combined
Accepted: 09.23.2025 modification conditions using functionalized vegetable oil and styrene

monomer on the properties of poplar wood.

gggzgirzdesd soybean oil, Materials and Met!lods:. Pop!ar wood samplgs.were divided .into nine
Poplar wood, groups: control; modification with raw and epoxidized soybean oil; styrene
Raw soybean oil, monomer; combined modification with epoxidized soybean oil/styrene in
Styrene, three ratios (10/90, 20/80, and 30/70); and a two-step modification process
Surface hydrophobicity using raw or functionalized soybean oil followed by styrene. All samples

treated with vegetable oil were heated at 120 °C, while those containing
polymer (styrene alone or after oil modification) were heated at 90 °C.

Results: Fourier transform infrared (FTIR) spectroscopy indicated that
modification with functionalized soybean oil increased hydroxyl, carbonyl,
and ether groups in the wood. In the two-step process, pretreatment with
epoxidized soybean oil reduced styrene uptake in the second stage. The
highest modifying agent uptake and weight gain were observed in samples
subjected to two-step modification with raw oil and styrene. Scanning
electron microscopy revealed that epoxidized soybean oil fully or partially
filled the fiber lumens. With increased monomer-to-polymer conversion
rates, combined modification with functionalized soybean oil significantly
reduced water absorption and dimensional changes. Oil/monomer
modification enhanced surface hydrophobicity and droplet contact angle.
Combined modification with raw or functionalized oil and styrene
improved the modulus of elasticity (MOE) compared to the control, but
the modulus of rupture (MOR) increased significantly only in one-step
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styrene modification. Hardness was also significantly enhanced in samples
modified with styrene alone or with a 10/90 ratio of epoxidized soybean
oil/styrene.

Conclusion: Overall, samples modified with oil (raw or epoxidized) and
two-step oil/styrene exhibited the best physical properties. In terms of
mechanical properties, samples containing polystyrene showed the highest
MOR, while combined styrene and oil modification did not lead to
significant changes compared to the control. Hardness was significantly
higher in samples modified solely with styrene or with 90% styrene and
functionalized oil. Except for elastic modulus and swelling, no significant
differences were observed between integrated and two-step oil/styrene
modification methods, with the highest dimensional stability achieved
through two-step modification.
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Figure 1. FTIR spectra of control and modified sample with raw soybean oil (SO), epoxidized soybean oil
(ESQ), styrene (St), two step raw oil/styrene (SO-St) and epoxidized oil/styrene (ESO-St).
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Figure 2. SEM observations on the transvers section of untreated wood (a), SO modified (b), ESO modified (c),
St modified (d), St70-ESO (e) and ESO/St treated wood (f).
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Figure 3. Oil and styrene uptake in first and second stage of impregnation
(letters on columns indicate Duncan grouping at 95% significant level).
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Figure 4. Monomer to polymer conversion rate in monomer containing treatments
(letters on columns indicate Duncan grouping at 95% significant level).

Lol ¢l samline St70-ESO 5 St80-ESO sk
o Aond V0w S sl o) Cand lals
WPG oS 55 Ll 5 o Opbal 508 has &5
A3l Ol ek pLtl Slak pa 530S aipdls 5
& s LS £ el s i SR
e St 0o SRIP e a8 3l Rl ek
5 St80-ESO #shau 55 sady & asise Jods

.(O B 3 le.édg.:v) LiS edalin St70'ESO

AL

058 ol Bl Aoy 5 andls taadls 9 039 Rl 5
OemeR 3 0P g8 9 b el Sl e ks
© by s Sk (0 JS2) B, I
2y St70-ESO 5 St80-ESO  ads -l
LY J‘l"\":’. L;}LN LSLAGJAP- J}-\J DL Ldj.’b.ﬁhl\ jﬂj.}jﬂ
33,5 o wils GRIBl a4 e 5 edd e
Cw\ 05 Ui LelBl dens g A ()
g b bl opl sl 6, Seslul gl e s
)‘ BEL) AZ:.M."J 9039 U’:‘Jlj'e‘ nLﬁA.:)N Sl CLJ/‘ “
L eJ.LCULa\ Cladigad O3y bl el

o) P B D LSl G



VELE Y 0)lowd YV 0,93 (K> 9 92 (55918 9 pole Sy @ b

B WPG of Oill 5,9, ¢35 i34/

=,
,
Q)E
32

z
S
N N
3

BWPG of St/ 3 bl 339 58!

E Density/ aipwsls

) andls

Density (g/cm®

(xS foiila ¢ 5

N

<
Q’ ) %o\e’

aJ.ic')kol Sk gl 5 dald €505 (WPG) 0y (2l 31 d s 5 axedils -0 |3

(s 0 QLIS 1 Ao ;5 40 é)lal:.uch.u): N3 ko g S o g Lo lo g 5y Sy )

Figure 5. Density and weight percent gain (WPG) of control and modified specimens
(letters on columns indicate Duncan grouping at 95% significant level).
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Figure 6. Water absorption and water repellency after 264 h soaking in water
(letters on columns indicate Duncan grouping at 95% significant level).
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Figure 7. Swelling and anti swelling efficiency after 264 h soaking in water
(letters on columns indicate Duncan grouping at 95% significant level).
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Figure 8. Contact angle in 0 and 120 second
(letters on columns indicate Duncan grouping at 95% significant level).
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Figure 10. Effect of different modification on hardness
(letters on columns indicate Duncan grouping at 95% significant level).
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