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Supplementary methods
X-ray diffraction measurement
The crystalline structures of CS and CS/BC composite membranes were characterized by X-ray diffraction (XRD). Membrane specimens were cut into 15 mm × 15 mm pieces. XRD patterns were recorded using an X-ray diffractometer (D8 ADVANCE, Bruker AXS GmbH, Germany) with Cu Kα radiation over a 2θ range of 5–50° at a scanning rate of 4° min⁻¹.

Water absorption measurement
Membrane specimens were cut into 20 mm × 20 mm pieces and dried before weighing to obtain the initial dry mass (M0). The specimens were immersed in deionized water at room temperature for 24 h. After immersion, excess surface water was gently removed using filter paper and the swollen samples were immediately weighed (M1). At least three independent specimens were tested for each group. The water absorption was calculated as:




[image: 红外 XRD 2026.9.16]
Fig. S1 Structural characterization of CS, BC, and CS/BC composite membranes with different BC contents: (a) FTIR spectra and (b) XRD patterns


[image: SEM2026.9.17]

[bookmark: _GoBack]Fig. S2 Surface and cross-sectional SEM images of CS and CS/BC composite membranes with different BC contents. (a–h) Surface morphologies (Scale bar = 5 μm) and (i–p) corresponding cross-sectional morphologies (Scale bar = 25 μm) of CS, CB3, CB5, CB7, CB10, CB15, CB20, and CB25, respectively



[image: 红外 XRD 2026.9.16-2]
Fig. S3 Wet-state mechanical and water-uptake properties of CS and CS/BC composite membranes with different BC contents: (a) tensile strength; (b) elongation at break; (c) swelling ratio; and (d) water absorption
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