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Article Info ABSTRACT
Article type: Background and Objectives: Magnetic wood is one of the wood
Full Length Research Paper  nanotechnology products with a wide range of potential industrial
applications. Superparamagnetic wood is generally produced by in situ
. . synthesis of magnetic nanoparticles in the wood structure. Among the
Article history: : - - .
Received: 08.17.2022 various yvood species us_eq f(_)r the_ prod_uctlon of magnetic wood,
Revised: 12.02.2022 fast-growing species are gaining increasingly important. On the other hand,
Accepted: 12.05.2022 the inherent properties of wood, such as water absorption, dimensional
instability, and susceptibility to biodegradation and weathering, may limit
the potential of magnetic wood as an advanced engineering material. This

Keywords: study aimed to investigate the effect of furfurylation on modifying the
Furfuryl alcohol, physical and mechanical properties of superparamagnetic poplar wood
In situ synthesis, prepared by in situ synthesis of magnetic nanoparticles.

Magnetite nanoparticle,
Magnetic wood,

Wood-polymer Materials and Methods: In situ synthesis of magnetite nanoparticles

inside poplar wood (Populus deltoides) was carried out using a solution of
iron Il and Il chlorides with a molar ratio of 2:1 in a vacuum/pressure
chamber. Then the treated wood was converted to magnetic wood by
draining the solution of iron cations and replacing it with a one-molar
solution of sodium hydroxide. After washing the excess alkali solution and
drying, the magnetic poplar wood was treated with two different
concentrations of furfuryl alcohol solution under the vacuum/pressure
system and converted into wood polymer after performing the required
heat treatments. The samples were characterized using a field emission
scanning electron microscope, X-ray diffraction, vibrating sample
magnetometry, a static bending test, and long-term water absorption and
thickness swelling tests.

Results: The conversion of poplar wood to magnetic wood reduced the
weight percentage gain (WPG) resulting from the furfurylation process.
The saturation magnetization of the magnetic wood decreased significantly
after furfurylation and conversion to the wood-polymer. Changing the
concentration of the furfuryl alcohol solution did not substantially affect
the saturation magnetization of the produced magnetic wood-polymers.
The furfurylation treatment significantly reduced the samples' flexural
strength and flexural modulus. The flexural properties of magnetic and
non-magnetic wood polymer samples treated with the same concentration

Vo



of furfuryl alcohol solution showed no significant difference. Microscopic
examination of the fracture surface of the wood cell wall in the specimens
subjected to the bending test showed that furfurylation changed the
behavior of the fibers from ductile to brittle, which was consistent with the
results of the bending test. On the other hand, as the WPG increased, the
specimens' long-term water absorption and thickness swelling decreased.
Magnetic wood-polymer samples showed higher values for water
absorption and thickness swelling than non-magnetic wood-polymer
specimens.

Conclusion: Based on the results of this study, it is recommended that
magnetic poplar wood, if it must be used in high-humidity environments,
be converted to magnetic wood-polymer with furfuryl alcohol, provided it
has the required mechanical properties.
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Table 1. Abbreviated codes for specimens prepared in this study.

Specimens Abbreviated code
P e o PW
Raw poplar wood
Furfurylated poplar wood- low WPG
Furfurylated poplar wood- high WPG
Lf"‘”:la - BE el PW—Mag
Magnetic poplar wood
Furfurylated magnetic poplar wood- low WPG
L5 WPG -l 434 42 Lae s suo o
sb; 58058 eblae jise PW-Mag-F(H)

Furfurylated magnetic poplar wood- high WPG

PW-Mag

PW-Mag-F(L)

PW-Mag-F(H)

odsasle Gk sa5l o 5l odd oSl pslas -\ S
Figure 1. Scanned images of the surface of the prepared specimens.
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Figure 2. FESEM micrographs of the cross-section of PW-Mag and a size distribution histogram of the
synthesized magnetic nanoparticles on the lumen surface of poplar wood fibers.
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Figure 3. The XRD patterns of the raw poplar wood (PW) and the magnetic poplar wood (PW-Mag).
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Figure 4. SEM micrographs of the flexural fracture surface of the specimens.
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Figure 6. The results of the static flexural test of specimens.
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Figure 7. The results of long-term water absorption and thickness swelling of the specimens.
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