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A study on impregnating polymers into delignified wood panels
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Abstract This study was performed to fabricate transparent wood panels by impregnating various
polymers into delignified wood panels. Lignin is a chromophore that absorbs light in the visible region
and can be removed by delignification. Transparent wood panels can then be produced by filling the
resulting voids with polymeric materials to reduce light scattering. Wood panels were characterized
before and after delignification by FE-SEM, FT-IR, and UV-Vis spectrophotometry and then impregnated
with PVA (polyvinyl alcohol), PVP (polyvinyl pyrrolidone), PVAc (polyvinyl acetate), or PDMS
(polydimethylsiloxane). The light transmittances of transparent wood panels impregnated with PVA or
PVP were 62.6% and 62.5%, respectively, at 550nm, while panels impregnated with PDMS or PVAc had
markedly lower transmittances of 6.7% and 0.6%, respectively. Impregnation quality and light
transmittance improved when the physical properties of the polymer and the cellulose remaining after
lignin removal were similar, and conversely, larger differences in physical properties resulted in poorer

impregnation and light transmittance.
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2.1 A=

WA id(Balsa wood pane) Al Imm, Ochroma
pyramidale purchased from Falcon shop company,
Korea)e 1&EA-SE E3AE A= AREHUT F
YU Az AR8E A2k sodium hydroxide (NaOH,
»98%, Sigma Aldrich, USA), sodium sulphite(NazSO3,
anhydrous 98%, Alfa Aesar, USA), hydrogen peroxide
(H202, 30% solution, EMD Millipore Corporation,
Germany), polyvinyl alcohol(PVA, 15000g/mol, Junsei
chemical company, Japan), polyvinyl acetate(PVAc,
Mw 100,000 g/mol Aldrich, USA),
polydimethylsiloxane(PDMS, Sylgard 184 silicone
elastomer kit, Dow Chemical, USA), methyl alcohol
(CH;0H, 99.8%, Duksan Pure Chemicals, Korea),
ethyl alcohol(C;HsOH, 99.9%, Duksan Pure
Chemicals, Korea), hexane(CH3(CH2)4CHs, 99.5%,
Duksan Pure Chemicals, Korea) 522 HAISHA] &
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AL double distilled water (DD water)S ARE5H3ct
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Fig. 1. Schematic illustration of the fabrication of
wood-based 3D scaffold for transparent polymer-
wood composite. From a wood block, the lignin
is removed via a wet chemical process to obtain
delignified one. The delignified space in it is
instead filled with a polymer solution by a
vacuum-assisted impregnation process[13].
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Digital photos of the fabrication process of a
transparent polymer-wood composite; Balsa
wood panels are boiled in a salt solution to
remove lignin. After cleaning the delignified
woods, polymer solution was impregnated in
ones to provide transparent property to the woods.
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Fig. 3. Cross-section FE-SEM images of Balsa wood (a)
before and (b) after removing lignin component in
it. The insets are shown for the images magnifying
the red solid-line squares. In the insets, red
dashed circles are indicated as removed with
and without a lignin component.
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Fig. 4. a) FT-IR spectra of an original Balsa wood
and a delignified Balsa wood. The inset is the
magnification of red dashed rectangular line
ranging from 1350 cm™ to 1700 cm™.
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Fig. 5. Polymer-wood composites with different
impregnated polymers to compare their light
transmittance by means of reflecting the
colored texts. The applied polymers are of:
(a) PVA, (b) PVP, (c) PDMS, and (d) PVAc.
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Fig. 6. Cross-section FE-SEM images of Polymer-wood
composites. (a) PVA, (b) PVP, (c) PDMS, and
(d) PVAc.
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polymer-wood composites with PVA, PVP,
PVAc, and PDMS.
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Fig. 8. UV-Vis spectra of a bare Balsa wood, delignified
Balsa wood, and polymer-wood composites
with different polymers impregnated in lignin-
removed space. The insets are the graphs
magnified at the rectangular dashed lines.
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