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Fig. 1 Schematic illustration of the preparation of alkali-treated bacterial cellulose membranes and bulk materials.
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Fig. 2 (a—d) Mechanical performance of BC membranes treated with different NaOH concentration (a, d), temperature (b),
and time (c); (e, f) Cross-sectional SEM images of pristine BC (e) and alkali-treated BC (f); (g) Alkali-treated BC membrane
with a thickness of 12 um and a width of 4 mm can bear a tensile load of 1 kg.
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Table 1 Performance comparison of Alk-BC with other modified bacterial cellulose materials reported.
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Material Treatment method Ref.
(MPa) (MJ/m?) temperature (°C)
Alk-BC Alkali treatment 645.50+14.70 40.10£1.90 327 This work
BC mercerization and bleaching 207.00+13.80 - 359 [22]
Rotational BC Flow-induced alignment 393.30+30.50 475.20+£17.20 300 [26]
CNT-TOBC TEMPO oxidation and CNTs 174.00 12.01 - [27]
TOBC-NPHWYV  TEMPO oxidation and NPHWV About 170.00 About 4.50 260 [28]
BC/PEG Physical Blending 165.00 About 3.70 About 250 [29]
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Fig. 3 FTIR spectra (a), Raman spectra (b), TGA curves (c) and XRD patterns (d) of BC and Alk-BC; (e, f) Nitrogen adsorption-
desorption isotherms of Alk-BC and BC.
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Fig. 4 Excellent thermal and degradation properties of Alk-BC. (a) Comparison of storage modulus of the Alk-BC with widely

used petroleum-based plastics; (b) Comparison of loss factors between Alk-BC and common petroleum-based plastics; (c) Residual

rate of the Alk-BC buried in natural environment soil for different days; (d, ) Thermal stability experiment: comparison of the
Alk-BC with widely used petroleum-based plastics at (d) 30 °C and (e) 200 °C. Compared to 30 °C, petroleum-based plastics
have already fully softened at 200 °C, while the Alk-BC still showed no visible change. PE: polyethylene; PC: polycarbonate;

PP: polypropylene; PVC: poly(vinyl chloride). (f) Optical photographs of Alk-BC during soil burial biodegradation.
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Fig. 5 Optical properties and bulk fabrication of Alk-BC. (a, b) Photographs of pristine BC (a) and Alk-BC (b); (c) Fabrication
of Alk-BC bulk materials by hot pressing; (d) The transparency of BC and Alk-BC; (e) Flexural stress-strain curves of BC and
Alk-BC; (f) Fracture toughness for crack initiation (K}.) and stable crack propagation (Kj.) of bulk materials; (g) Toughening
mechanisms acting on bulk materials: microcrack bridging at the end of the crack tip and multiple microcracks at the end of

the crack path.
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Research Article

High-strength and High-toughness Bacterial Cellulose Membranes and
Bulk Materials

Zi-qiang Zhao, Lin-lin Ma, Guo-jun Che, Ji-hao Fan, Yue Wu, Meng Yu, Sheng-wen Kong", Chuang-qi Zhao"
(State Key Laboratory of Bioinspired Interfacial Materials Science, Suzhou Institute for Advanced Research,
University of Science and Technology of China, Suzhou 215123)

Abstract With the rapid development of green manufacturing and sustainable material technologies, the fields of
structural engineering and advanced equipment place increasing demands on structural materials that combine
high mechanical performance with environmental friendliness. Bacterial cellulose (BC), owing to its high-purity
nanofibrous network structure, renewability, and biodegradability, has shown significant potential in high-performance
materials. However, the loose network structure and residual impurities present in native BC membranes result in
limited mechanical properties and poor dimensional stability, thereby restricting their further application as high-
strength structural materials. In this study, high-strength and high-toughness bacterial cellulose membranes were
prepared by optimizing the alkaline treatment process. The resulting BC membranes exhibited a tensile strength
of (645.50£14.70) MPa and a fracture toughness of (40.10+1.90) MJ-m™3. Furthermore, bulk BC materials were
successfully fabricated from the membranes via a lamination process, achieving a maximum plane-strain fracture
toughness of (1.20+0.10) MPa-m'2. This efficient bacterial cellulose processing strategy provides a new pathway
for fabricating robust, biodegradable, and high-performance bio-based structural materials.
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