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Abstract: In this paper, a ternary polymer system, CS/p (HEMA-co-MA) (CHM), was prepared from
chitosan (CS), 2-hydroxyethyl methacrylate (HEMA), and maleic acid (MA), and subsequently loaded
with disodium octaborate tetrahydrate (DOT) to obtain a preservative-loaded polymer (CHMD). CHMD
was then formed in situ within bamboo to improve its dimensional stability and reduce DOT leaching.
Response surface methodology identified the optimal conditions as a reaction temperature of 160 °C, an
HEMA/MA molar ratio of 2 : 1, and reaction time of 2 h, under which the resulting polymer exhibited a
gel content of 98.9% and a swelling rate of 20.2%. Structural and physicochemical characterizations
revealed that CHM formed a dense three-dimensional network structure via hydrogen bonds, ester bonds,
and amide bonds. The incorporation of CS improved the thermal stability and mechanical strength of the
polymer network. CHMD showed significant pH-responsive release behavior in vitro, with the release
rate increasing as pH value decreased, following the first-order kinetic model and dominated by a
diffusion mechanism. CHMD effectively penetrated into the bamboo cell lumens, cell walls, and
intercellular spaces and was cured in situ. The modified bamboo showed enhanced surface
hydrophobicity, with water contact angle increasing from 22.8° for untreated bamboo to 66.5°. The water
absorption swelling rate of the treated bamboo remained below 4.3%, and the anti-swelling efficiency
remained above 57.1% after three water absorption-drying cycles. The DOT release from the treated
bamboo exhibited a “burst release” followed by a “sustained release” pattern, with pH-responsive
behavior: release was suppressed under neutral conditions but accelerated under acidic conditions.
Compared with DOT-only treated, the 72 h leaching rate of DOT in the treated bamboo decreased to
59.1%, and the anti-loss rate increased by 32.0%. In summary, the CS/p(HEMA-co-MA)-based system
integrates physical filling, formation of a hydrophobic crosslinked network, and pH-responsive
preservative release, providing an effective strategy for simultaneously improving the dimensional
stability of bamboo, enhancing DOT retention, and enabling environmentally responsive release.

Key words: bamboo; drug-loaded polymer; in situ polymerization; dimensional stability; responsive
release
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Fig.1 Effects of reaction temperature, HEMA/MA molar ratio, and reaction time

on the gel content and swelling rate of CHM
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Tab.2 Analysis of variance for the regression models of polymer gel content and swelling ratio
IR AR JEK S
77 A H 75 FiE pfH SEIT A H 75 Fid pfE
Model 180.49 9 20.05 18.96 0.000 41** Model 300.45 9 33.38 4.17 0.036 46*
A 1.29 1 1.29 1.22 0.305 72 A 4.80 1 4.80 0.60 0.463 75
B 23.41 1 23.41 22.13 0.002 20* B 122.68 1 122.68 1533 0.005 78*
C 0.07 1 0.07 0.07 0.801 97 C 8.58 1 8.58 1.07 0.334 74
AB 0.67 1 0.67 0.64 0.451 46 AB 29.27 1 29.27 3.66 0.097 39
AC 0.93 1 0.93 0.88 0.379 32 AC 11.32 1 11.32 1.42 0.272 98
BC 0.00 1 0.00 0.00 0.973 80 BC 0.48 1 0.48 0.06 0.814 28
A? 1.28 1 1.28 1.21 0.307 17 A 5.71 1 5.71 0.71 0.426 27
B’ 51.37 1 51.37 48.57 0.000 22%* B’ 228.90 1 228.90 28.61 0.001 07**
c 0.19 1 0.19 0.18 0.687 08 c 1.09 1 1.09 0.14 0.722 74
B 7.40 7 1.06 k7 56.01 7 8.00
KAUT 0.62 3 0.21 0.12 094204 AU 13.07 3 436 041  0.75773
afiiR 6.78 4 1.70 afiiR 72 42.94 4 10.74
psyil 187.89 16 SR 356.46 16

T SRR EE PRI .
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0.005 78), B E3 (p=0.001 07), TMA. CMH
2 H IR TTHREE N

El2 KRIEE.HEMASMA YRS EE RN R R AT E) % B2 A4 CHMUEBL 2R (a~c) A BKER (d~F) BONE Rz Fh T

Fig.2 Response surfaces for the gel content and swelling ratio of CHM: (a~c) interactive effects of reaction temperature,

HEMA/MA molar ratio, and reaction time on gel content; (d~f) interactive effects of these factors on swelling ratio
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Fig.3 Structural and morphological characterization of the polymers
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Fig.5 Stress-strain curves of the polymers
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Fig.13 Nanoindentation hardness and elastic modulus distribution maps of bamboo cell walls under different treatments
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