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Abstract: In this study, wood, which is indestructible and has flexible, and transparent properties, was developed. A flex-
ible and transparent wooden panel was fabricated by removing lignin (delignification) that absorbs light in the visible light
region and filling the lignin-removed space with a mixture of polyvinyl alcohol (PVA), which provides transparency, and
a low molecular weight compound, which provides flexibility. The delignification process, the infiltration of the polymer
mixture, the internal structures, the optical transmittance, and the flexibility of the wood samples were measured and
investigated. The analyzed results showed high optical transmittance of 65.8% at 550 nm wavelength when impregnated
only with PVA, while the transmittance decreased to around 10% as the mixed amount of low-molecular compounds
increased, but the flexibility was greatly improved. Based on these results, it is considered that higher flexible and trans-
parent wood will be a useful material to replace fragile glass material in the future.
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Scheme 1. Pictorial representation of the hierarchical structure of
wood constituents from wood-brick and tree photos, including the
chemical structures of cellulose, hemicellulose, and lignin.
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hydroxide (NaOH, >98%, USA), sodium acetate(CH;COONa,
>99%, USA), sodium chlorite(NaClO,, 80%, USA), acetic
acid(CH;COOH, >99%, USA), acetone (>99.5%, USA), ethyl
alcohol(CH;CH,OH, >99.5%, USA), hydrogen peroxide(H,O,,
30% solution, EMD Millipore Corporation, Germany), double
distilled water(DD water) 522 HA|SFA] %3 )= A}
453t} Polyvinyl alcohol(PVA, 15000 g/mol, Junsei chemical
company, Japan), propylene glycol(PG 98%, Dacjung chemical
company, Korea), 28] glycerol(GL, 99%, Thermo Fisher
Scientific, USA)2 balsa wood?] 7]3-+Z0l SHA|Z &
g0 Axsel ASHAt,

Balsa wood2| delignification. Balsa wood2] W=% 0.16
gem’Z Ao vy FZ=E Fo] St} Balsa woode]
4 AR F skl TS 7 dE lignin EYAE
AAs7] Aol AP A= T AwAte] I &
g AAs7] 918k 105+3 CollA 2447 AZA AT}
Lignin extraction £92 acetate buffer &< (pH 4.6)l
NaClO®] 1 wt%E o] Axasieh. 283 AxE AEES
2 gelol] 6MZE FQE B ligning FEH] A|AAZATE AF
2%l balsa wood A/ EE 30mm X 30mm x | mm I7| &
o] & FHI8E delignification 374 T3t 5%
AEEL DD water® FA| ®H M|& 3 T3, ethyl alcoholo]
A M A ePEA] ShaE RS S0, T28]|3L ethyl alcohol :
acetone(1:1) EFEd o2 A H3I ) 2|2 v o g
acetonel 2 + W T] A& 3Tk

DER B BE BY. 245 SR A OE PVA
T 10 wi%E 80 T 25kollA sukspua] =5{th PVA &
o] o SRS SQte® SRIgE thEdll AF=7H4] PVA
s AP FEUF fd 5SS Folst] flst
o] PVAS} A4} 313HE21 propylene glycol#} glycerobs 3
7kste] o & F72l PVA EF-89S Alxstth. PVA 10
wi% &ol] PVA FA diH] 10%, 20%2] Hl&= A2} 5}
FHES 718 tH(Table 1 #%). Delignified wood Al &5
Petri disholl €3l A| 257 thy] of 48] 2] =] =2 10 wt%
PVA €(PVA/0YS F0t}. PVA &9lo] A|lGUWF 7|30
AEHEE 650 torr F3U-= oF M A FAT £, 7
FTHIZE 13 o AZF B9 AAIAF T A|EWH-E PVA
gollo] 7hse ol A&l skEaL 9 $4S 39 vhEst
ST}, Table 13} Zo] thE 242 PVA -84 (PVA/PGI,
PVA/PG2, PVA/GLI1, PVA/GL2)°ll tigh &34 7] A
A 2 o gt

£, Balsa wood®] delignification {3} & 18]35 PVA
infiltration A2} F-¢] A| A Tl ek BEZA] T4
FAPAAFA U] 7 (scanning electron microscope, SEM, Quanta
200 FEG, FEI, USA)S o]&-3J] 2asisit). Trure] 2
T3 2~FEY B8 UV-Vis 27](Cary-5, Varian, USAYS
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Table 1. Composition of PVA Solutions

ID No. PVA/O PVA/  PVA/ PVA/ PVA/
Components PG1 PG2 GL1 GL2
Water 90 90 90 90 90
PVA 10 10 10 10 10
PG 0 1 2 0 0
GL 0 0 0 1 2

*The figures mean the weight ratio of the components.
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Scheme 2. Schematic illustration of the fabricating processes of a
rigid transparent wood and a flexible transparent wood via delig-
nification and infiltration processes.
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Figure 1. Digital photos of (a) a balsa wood; (b) the delignification
process (including soaking, delignifying, and washing); (c) a dried
delignified wood; (d) a polymer-infiltrated transparent wood.
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Figure 2. Low- and high-magnification SEM images of balsa wood
cross-sections with lignin-filled and delignified cellulose intercon-
nections (indicated by red dashed circles in b, d): (a, b) before; (c,
d) after a delignification process.
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Figure 3. Digital photos of the transparent wood samples obtained
by infiltrating various polymer solutions: (a) A bare and a deligni-
fied woods and a PVA-wood composite; (b) PVA/PG-wood com-
posites; (c) PVA/GL-wood composites.
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Lumen—
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Figure 4. (a) Schematic illustration of transparent wood structure
with the arrows indicating SEM-measuring directions; (b — f') SEM
images of wood cross-sections infiltrated with (b, b") PVA; (c, ¢')
PVA/PG1; (d, d") PVA/PG2; (e, e") PVA/GLI; (£, f') PVA/GL2. The
orange and yellow lines indicate the positions of the samples
observed using a SEM equipment.
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Figure 5. Optical transmittance of wood samples.
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Figure 6. Bar graph of the radii of curvatures for each transparent
wood composite with their digital photos.
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