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Fig.1 Appearance of balsa wood (a), matrix-removed wood membrane (b), TEMPO-
oxidized wood membrane (c) and acetylated wood membrane (d)

Fig.2 FE-SEM images of wood membranes including surface and fracture surface morphology

(a, d): matrix-removed wood membrane; (b, e): TEMPO-oxidized wood membrane; (c, f): acetylated wood membrance
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Fig.3 Tensile stress-strain curves of wood membranes in dry state
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Fig.4 Tensile stress-strain curves of wood membranes in wet state
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Fig.5 Contact angle of wood membranes
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Fig.6 Light transmittance of wood membranes
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Fig.7 FT-IR spectra of wood membranes
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Fig.8 XRD patterns of wood membranes
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Fig.9 Applications of acetylated wood membranes

(a): under visible light after printing; (b): under UV light after printing; (c): acetylated wood membrane was rolled;

(d): making a knot, roll, twist; (e): folding and unfolding; (f): as a printing paper

JJE AR B B AR B 5 0 N 79.5%, 1fii TEMPO K 2. ¥
A A BB 5 AR ) 45 & B AT AR BT IE 79.1%, 1 B AL 2
AR B T 47 4 2 3R T, AR BIR H 45 L ah it

27 ARMEBEEAZEEMERA TS @RS

un Fig.9 From , B £ Bk A6 AR A AR Dy 2 v 34,
I %¢ e Tl S < B UMLK 2 logo™ I It 15t 52 4T Ep
MUED B F A M R T A B2, 0T W T, Ff
it 2 T S 7R BRI B 2 (Fig.9(a)) , 1L 7E 48 40l 18 5
T CGBCR D% K N 390 nm) , £F 2% T 280 H TE I B &
I 1 logo B % (Fig.9(b)) » HLEEWS 25 il 47 S 11 A K A=
SEFIRIR (Fig9(c)) » FF H., Z WAk A M 5 1 3E F T
38 [ WOE AT B (Fig.9(f)) » X 8 I 5 4 B , 31X Feh 52
PEARM B RE B R A I EORE R . [RIET, %R
fi AT DT B AT 45 6 il U 2 ih (Fig.o(d)) H 3 &
FCAR KL, JB T S 45 A TG 4R (Fig.9(e)) , IX LI 5
() B A1 330 B T I R 2 MR OR M R RE B A R AF 3R
Ptk . e BRI, BT B R ) 0R
FE T KPR B KSR AT B AR A R X PP A A R OK
IR 5 S o BRI B R AR 25 5, W 3 AR R
G v A B = T Rl AN R o R N R T
T F0 A3 s 1 0 40 J AM % U5 7E 22 1 P T R
A3 (1) v 4B A R 4 B K 5 St R 3 .

3 it
(DRH A L Ry, AR E R, @i

JB0 35 5T T 25 AR B M £ Y A BT R B b
PR L A Dy o B S M KM

(2) TEMPO &b 3 Ji5 A M i % SE B i — 2P &
Ot K 61.8%; 78 ML EE Al 34T Z B A ol bk, 3R A8
TR R E 23 51 264.14 MPa(F25) & 14.98 MPa (i
RO MIZEMHAM BEARFRE, )5 N A 1475

(3¢ bk Tk Al A b AT Ay B4, 3@ i 41 Ep
FAR M & T — PR B AR, 7R KA GRS T T
EIMHRICER.

SE -

[1] 2=, PP, R, &5, AR5 R AERL 2 51 M. JE R, B
AL, 2018: 1-2.

[2] 2R o, AP BL S BRI IO R R (], T E Ol B R 22 2
%, 2021, 41(1): 1-28.

Wu Y Q. Newly advances in wood science and technology[J].
Journal of Central South University of Forestry & Technology,
2021,41(1): 1-28.

[3] Chen C C, Wang Y R, Wu Q J, et al. Highly strong and flexible
composite hydrogel reinforced by aligned wood cellulose
skeleton via alkali treatment for muscle-like sensors[J]. Chemical
Engineering Journal, 2020, 400: 125876.

[4] 5K, EME s, G, S5 AR 21 4 2 AL DR AN AR AR 1 L

FHHEREDI]. 2 T APR R 5 TR, 2020, 36(3): 175-182.
Fu Q J, Wang Y Y, Liang S B, et al. Application progress of
nanocellulose in functional nanomaterial[J]. Polymer Materials
Science & Engineering, 2020, 36(3): 175-182.

[51 Koga H, Saito T, Kitaoka T, et al. Transparent, conductive, and



printable  composites  consisting of TEMPO- oxidized the X-ray diffractometer[J]. Textile Research Journal. 1959, 29:
nanocellulose and carbon nanotube[J]. Biomacromolecules, 2013, 786-794.
14: 1160-1165. [11] Mi R, Li T, Dalgo D, et al. A clear, strong, and thermally
[6] LiYY, FuQL, Yus, efal Optically transparent wood from a insulated transparent wood for energy efficient windows[J].
nanoporous cellulosic template: combining functional and Advanced Functional Materials, 2020, 30: 1907511.
structural performance[J]. Biomacromolecules, 2016,17:1358- [12] Sluiter A, Hames B, Ruiz R, et al. Determination of structural
1364. carbohydrates and lignin in biomass, Technical Report NREL/
[7] Gan W T, Chen C J, Giroux M, et al. Conductive wood for high- TP-510-42618[R]. [S.1.]:National Renewable Energy Laboratory,
performance structural electromagnetic interference shielding[J]. Golden, CO. 2010.
Chemistry of Materials, 2020, 32: 5280-5289. [13] Lai C, Zhang S, Chen X, et al. Nanocomposite films based on
[8] Fu Q L, Chen Y, Sorieul M. Wood-based flexible electronics[J]. TEMPO- mediated oxidized bacterial cellulose and chitosan[J].
ACS Nano, 2020, 14: 3528-3538. Cellulose, 2014, 21: 2757-2772.
[9] Liu L H, Chen D F, Xie J X, et al. Universally applicable small- [14] Abe K, Morita M, Yano H. Fabrication of optically transparent
molecule co-host ink formulation for inkjet printing red, green, cotton fiber composite[J]. Journal of Materials Science, 2018,
and blue phosphorescent organic light-emitting diodes[J]. Organic 53:10872-10878.
Electronics, 2021, 96: 106247. [15] Li K, Wang S, Chen H, et al. Self- densification of highly
[10] Segal L, Creely J J, Martin A E, et al. An empirical method for mesoporous wood structure into a strong and transparent film[J].
estimating the degree of crystallinity of native cellulose using Advanced Materials, 2020, 32: 2003653.

Preparation of High-Strength Flexible Wood Membranes

Chuchu Chen'?, Tong Zhou', Zhuoyan Li', Juxuan Xie’, Lihui Liu’, Zhaoyang Xu', Dagang Li ', Yongcan Jin®
(1.College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China; 2. College
of Light Industry and Food Engineering, Nanjing Forestry University, Nanjing 210037, China; 3. Key Laboratory
for Organic Electronics and Information Displays & Jiangsu Key Laboratory for Biosensors, Nanjing University

of Posts & Telecommunications, Nanjing 210023, China)

ABSTRACT: A series of high-strength wood membranes were prepared by removing matrix from balsa wood
first, and then applying 2,2,6,6- tetramethylpiperidinooxy (TEMPO) oxidation and acetylation on the cellulosic
wood skeletons. The effects of above chemical treatments on mechanical properties, optical performance,
morphology, surface characteristics and crystalline structure of the wood membranes were investigated
systematically. The results show that after removing matrix, the obtained cellulosic wood skeletons could be
converted into a dense wood membrane with layer structures under drying conditions. The density of this wood
membrane is almost five times higher than that of the original wood. Further, TEMPO oxidation and acetylation
treatments on cellulosic wood skeleton contribute to significantly improved optical and mechanical properties for
the wood membranes. For example, the TEMPO oxidized wood membrane shows a light transmittance as high as
61.8% and fracture tensile stress of 180.29 MPa. For acetylated wood membrane, it has an excellent tensile
strength of 264.14 MPa, which is almost 14 times higher than the original balsa wood. This acetylated wood
membrane is further utilized as flexible substrate to develop an intelligent anti- counterfeiting label. Generally,
these research results can provide theoretical basis and technical support for the promotion of high-value utilization
of wood resources.

Keywords: wood; membranes; modified treatment; mechanical properties; acetylation



