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Abstract

In response to the urgent demand for high-performance, green, and safe battery materials in the field
of new energy storage, this work integrates recent advances in aqueous zinc-ion battery research with
the characteristics of university-level chemistry laboratory teaching. It designs and implements a re-
search-oriented comprehensive experiment for undergraduates that focuses on the preparation of
phosphorylated bacterial cellulose (PBC) separators and their application in aqueous zinc-ion batter-
ies. Using environmentally friendly bacterial cellulose as the raw material, PBC separators are pre-
pared via phosphorylation modification, and their chemical structure and microscopic morphology
are characterized by Fourier-transform infrared spectroscopy and scanning electron microscopy.
Furthermore, the PBC separator is assembled into symmetric cells, half-cells, and full cells. Their elec-
trochemical performance is systematically evaluated using an electrochemical workstation and a bat-
tery testing system, including cycling stability of symmetric cells, coulombic efficiency of half-cells,
cyclic voltammetry, and long-term cycling performance of full cells. Practical application is demon-
strated by powering an LED light. This experiment integrates biomass material modification, physical
characterization, electrochemical testing, and application validation, covering the complete research
chain of design, preparation, characterization, performance, and application. It helps cultivate inter-
disciplinary knowledge integration and comprehensive research competence of students. By incor-
porating green chemistry principles and laboratory safety awareness throughout the teaching pro-
cess, this design not only strengthens practical and innovative abilities of students but also guides
them to establish a sustainability-oriented scientific values system.
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Figure 1. FT-IR spectra of BC and PBC
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Figure 2. SEM images of (a) BC and (b) PBC separators
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Figure 3. Cycling performance of Zn||Zn symmetric batteries with BC and PBC
separators at 1 mA-cm~2 and 1 mA-h-cm™
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Figure 4. Galvanostatic charge-discharge curves of Zn||Cu half-cells
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Figure 5. Cyclic voltammetry curves of full cells with BC and PBC separators
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Figure 6. Cycling performance of full cells with BC and PBC separators at 1 Ag™*
6. XA BC #1 PBC [RIERI ST 1 Ag ! THITEIRIE&E

NSSAE BTl 2 Fo B 0 SE PR S 71, AW FCRE— P IT R T R5E LED AT BRI sl 7 fros, 4
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Figure 7. Aqueous zinc-ion full cells assembled with PBC separators
successfully power a green LED lamp for continuous illumination
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