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Preparation and Performance of Self-Densified Transparent Wood Film
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Abstract: To achieve self-densification while preserving the integrity of the wood structure, a combined
sodium chlorite (NaClO,) and sodium hydroxide (NaOH) treatment was employed to remove lignin and
hemicelluloses from balsa wood (Ochroma lagopus), followed by air drying to obtain self-densified
transparent wood films (TWF). The effects of sodium chlorite concentration, heating time, and
temperature during delignification on the film formation yield of the TWF were systematically
investigated. The optimal delignification conditions were determined to be 2% of sodium chlorite
solution mass fraction, a 2 h heating time, and a temperature of 90 ° C. Under these conditions, the
resulting self-densified TWF exhibited a density of 0.79 g/cm?, which is 3.76 times higher than that of
natural wood (NW) and 4.39 times higher than that of delignified wood (DW). The optical transmittance
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reached 60.37%, representing 10.74 times that of NW and 5.4 times that of DW. The tensile strength was
306.03 MPa, which is 19.80 times higher than that of NW and 8.84 times higher than that of DW. Cyclic

folding endurance tests were performed using a folding endurance tester under a load of 4.91 N on

specimens with a uniform thickness of 0.1 mm. The longitudinally oriented self-densified transparent

wood film (TWF-L), prepared from wood slices with fibers aligned parallel to the length direction,

endured 231 folding cycles—1.56 times that of A4 paper. Scanning electron microscopy (SEM) and

Fourier transform infrared spectroscopy (FTIR) analyses revealed that the delignification treatment

preserved the porous structure of the wood cell walls while exposing additional hydroxyl groups, thereby

facilitating self-densification during drying. The obtained self-densified transparent wood film exhibits

excellent optical and mechanical properties as well as good biodegradability. This approach provides a

novel strategy for the preparation of transparent wood and shows promising potential for applications in

dyed paper, writing paper, and flexible electronics.
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Fig.1 Film formation yield of self-densification under various delignification conditions



51

g R4 A BORE WA B B 4 T A 61

EAMIE, FEHERITREEP KA, A
RETE PR F BU i, HOBWI % £ 100 °C
R AR AR R N 3T 100 °C AbEE, it A 5 2% AH X
WS, M hiFerqe s s, R gn e
WAIR, RS TREBEPES REFH, T
JS R A1 o

BB Le AT %0, AN A) 2R 2 hi, I 26 B
(91%) . FEMNF 1 h A1 1.5 h i AR, 25N
79% 1 85%, FCJ5 KI5 0 Al FE B AR R, 352 Mt
AR E A AT, A 5T 3R A AR R AT R
ARG KA . IN#2.5 h 3 hif St
BK, BN TT% 65%, HJER S5 hnHE &
—3, BRMBATEMNWIL, AR =M
KATHRIS R T K AETTF R

a

g LRTiR, M AEREN T = BN 2% I
MFE90 °C IIFART A 2 hif, W] 3R 15 5 i b
#(91%). KM FHIE I BBERME (TWE)
H5RBAKRM (NW) HIARZ A (DW) ML,
TWEF A i 2 MG 25 8 R0 2 41 4k 2 AR & PR AR
M a-£F4E A& & BT, RS Rk %
fF, BIIER T KRR S L4ER, NEs:
KATF PR R K Gy 28 K SEIN AT 4E R 4T 4 5 3
AR T KA
2.2 EMARIE S

RIRARMNW (B 2a) 25 iAo 2% Al 2 2
demabr, Bt AREETIAE, BAAA
AR ZAM DW (E2b) . K THESELH
g, TER B BUE B ARM I TWE (Bl20). R

A EET AT R SI R Fr 48 AT R RERE AL T SEM & G & A B 3 KO s e S AT K NW .DW . TWF

& N TWF AR A5 20 3K 1 SEM A .

El2 RAKRM SEARREAM  BBURIEAARMIRE A AR

Fig.2 Macroscopic and microscopic morphologies of natural wood, delignified wood, and transparent wood film



62 AMt R EEA

40

SRAM I 8T SEM B (K 2d) WoR Z L5,
1 PR B N LB 5 AR AE B R . R SR R A )
SEM 4 (El2e), FIWHEFEEHZAL M. X—
SRR, FENEERENTE YRR,
A5 KA TR AR T 7K 4y 28 R 7 AR I B 40 J7 R
IR A Y R PR A 4 BB R, R R A
TV 111 v 2 P2 U B, S B i B A0 G 3P 3 5 Ak
HEs, mARAKTWE 2 EEE. L
INFIERGE R (E26), HEWIEAE A B,

X F SEM X TWF % [ # 17 £ R JE W %
(El2g), HERMEIH RGN . %
G, REAL AR W R L, LR Bk
Wa, RUIM B LA EE, BEMRL. BB
TESUARFAIE 15 ] TWE £E i1l 2 3 R2 v B T 53
MEEH, RT3 RS T Re AR e eI PR FF
2.3 55 ERAE

FTIR i M5 R (E3a) Wox, TWFFE &
HHOR BT ER 5P A 4 R AR 2K . &l R o 3R Ak
P, AKBEZEA1595. 1507 F11 462 ecm™ AL 9%
BT, RUIRBTRB R 7 Efk. WLEE,

a TWF
— T—\W
S 5 DW
i g
& s | 1462
1733 ‘1 5952 1240 NW
1507
2000 1600 1200 800
Wk /em™!
110110 {200 c
3 \ TWF
& -
f
i}
= DW
W
K&
M

10 20 30 40 50
260/ (°)

1733 cm™ Al 1 240 cm ™ Kb 1 > 27 4 22 R AR 0 2K
T LA b . it LB AR E,
A 2 i B AR A4S S MR IR T 4 . IX AR AR AE S5 4
B UL R, AR 4 R B 2R 5 R A B R R
o, GRS WAL . FTIR Yai
SN, TR 4E R R O—H i 47 4k 2 Wl o I TE
3500~3 200 cm™ 5 [l J". 5 NW A1 DW AH L,
TWEF [0 500 S5 2% 38 0 HL 5 % By, 3R B TWF Hp
HFEFEMRKEE (K3b). XRDMAE, (110D
AT (2000 At (B 3c) FRAEAE, RWHTH R
i S ORFF A S R 1AL A, AR 0 = U B NW
DW H1 TWF ¥ 25 & B2 48 5503 5l 8 72.23%. 75.72%
H184.08% (KEI3d). MiAJ 2 AL HIH H 2 P H LT 4t
RO, KRB AR E M EREA 4R
LR 22 705y B e, T S 4T 4 32 45 M) I B4k
HOCmiEK . TR BN, RS AT
fErh, TEBAgRRKEEFSSE, R
AR R S T R 8%, B s A 4
B IVHEARLE S

K Jau.

4000 3000 2000 1 000

W /em™!
100
d
80
S o]
ﬁ‘\K 60
juted
w401
204
0
NW DW TWF
WAE

B3 RAAM BRAREAY BBEERARMIRIIEL S RERE

Fig.3 Chemical composition and crystallinity of natural wood, delignified wood, and transparent wood film
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Fig.4 Thickness, density, and optical transmittance of natural wood, delignified wood, and transparent wood film
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Fig.5 Mechanical properties of natural wood, delignified wood, and transparent wood film
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Fig.6 Folding durability, biodegradability, and application demonstrations of transparent wood film
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