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Abstract: Current room-temperature phosphorescent transparent wood mainly relies on non-degradable
petroleum-based polymers as fillers. However, such systems suffer from poor compatibility between the
wood skeleton and functional components, making it difficult to meet the demand for biomass-based
materials with excellent optical, mechanical, and degradable properties in fields such as anti-

counterfeiting identification and intelligent photoresponsive applications. In this study, balsa wood
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(Ochroma lagopus) was used as the raw material. An H,O, bleaching-steam method was adopted for
delignification, and carboxymethyl cellulose (CMC) was used as the filler to prepare room-temperature
phosphorescent cellulose-based transparent wood (RTP-CTW). The results showed that the H,O,
bleaching-steam method efficiently removed lignin and hemicellulose while well preserving the wood
cell-wall skeleton mainly composed of cellulose. Through vacuum impregnation, CMC was filled into
the wood pores and formed hydrogen bonds with the cellulose components in the skeleton, thereby
reducing interfacial light scattering and enhancing structural bonding. Under 254 nm ultraviolet
excitation, RTP-CTW emitted cyan-blue phosphorescence at 484 nm, with a phosphorescence lifetime of
450.27 ms, a maximum afterglow duration of 7 s, and a phosphorescence quantum yield of 8.12%. The
carboxyl and carbonyl luminescent units in CMC were the main origin of the photoluminescence. The
hydrogen-bonding network between CMC and the wood skeleton suppressed non-radiative transitions
through a confinement effect and shielded oxygen, enabling tunable room-temperature phosphorescence
from blue to green. RTP-CTW exhibited a maximum transmittance of 81%, a maximum haze of 92%, and
a thermal conductivity of 0.33 W/(m-K). It shows tensile strength higher than delignified wood and CMC.
Moreover, RTP-CTW can degrade in soil within 20 days, indicating good degradation potential.
RTP-CTW showed reversible humidity-responsive and heat-recoverable properties, suggesting potential
applications in anti-counterfeiting identification and intelligent photoresponsive materials.

Key words: transparent wood; room-temperature phosphorescence; cellulose-based; carboxymethyl

cellulose; delignified wood
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Fig.1 Preparation schematic, photographs, and luminescence mechanism of RTP-CTW
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Fig.2 Chemical component and microstructure of natural wood, delignification wood and RTP-CTW
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Fig.3 Basic optical properties of RTP-CTW
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Fig.4 Room-temperature phosphorescence properties of RTP-CTW
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interactions of RTP-CTW

2.3 HAhMERE

231 FifhsaE  Eea s T RARARM . BANE
KM FIRTP-CTW HIHL A Jy- R A i 2k . e,
B0 A TG 25 A 1Dz Ak e AR AR A TR AR b T A I 3%
AR TR A B S R OR R R A AR, B
KA A 2 F n P B A REAR . BARR B T A 5%
RGN B 4, (BAF4E 2 TR) Bhb 3 R R 45
A7, AR R R B 7R P CMC X
KIFREAMBATEHER G, MR RARREST T

ST m, @ T RAKRMACMC B, X 2K N
CMCIH7 5, 4HMEE£F 4k = [ FLER > . JHUk
4, [H1SNM0EE 285 CMC PLE S5 4748 R 2 0] i8
I ST R N 2 A 10

232 FRAVGERAE Wl eb AT, I8 X E B EE
(1.00 W-m™'-K") F1 RTP-CTW (0.33 W-m'-K™")
(SR ARBT A, RTP-CTW (SR BB KT
Perg (P<0.0D). FAM P ZIH/REEAL, FTHE
AW T AN EE (EBEREAFERMPLA4 R



46 AMt R EEA 40

a 60 b 12
— RTP-CTW 1.00
50 1 — R RAM _; 1.04
— CMCJE =
< 401 R 0.8
& —BAREAM]| £
ﬁ 301 = 0.6
201 ‘%‘“ 0.4
101 % 02
0 y . ’ . 0.0
0 3 6 9 12 15 55
B %

R .
El6 SRBEUERBBRA AR A BRI REARIE A

RTP-CTW

Fig.6 Tensile strength, thermal insulation performance, and biodegradability of RTP-CTW
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