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In Situ Rapid Integration and Applications of Flexible Supercapacitors
—Design of a Comprehensive Polymer Experiment Project
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Abstract: To overcome the drawbacks of conventional supercapacitor preparation, which involves
complicated and time-consuming procedures that are difficult to complete within limited class hours,
a comprehensive laboratory project entitled “in situ rapid integration and applications of flexible
supercapacitors” is developed for undergraduate students majoring in polymer science and engineering.
The experiment employs aldehyde-amine condensation to achieve rapid sol-gel transition within 5 min at
room temperature, and the supercapacitor is further constructed via in situ integration, delivering a specific
capacitance of up to 105.4 F/g, which greatly improves the efficiency of experimental teaching. The project
covers hydrogel synthesis, device assembly, performance measurement and application demonstration,
integrating interdisciplinary knowledge of polymer chemistry, polymer physics and electrochemistry.
Through systematic implementation, students’ practical skills, analytical ability and interdisciplinary
thinking are cultivated, and the understanding of cutting-edge developments in related fields is enhanced,
demonstrating favorable teaching effects.
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Figure 1 Schematic illustration of the reaction between GA and PAH
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Table 1 Formulation of the reaction system

#54%i5 m(PAH) (@) m(GA) (g) m(LiBF,) (g) V(H,0) (mL)

1 0.5 0.15 0 2
2 0.5 0.35 0 2
3 0.5 0.15 0.05 2
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Figure 2 Experimental procedures and educational objectives
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Figure 3 (a) UV spectra of the system during the gelation process; (b) State of the system before and after gelation
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Figure 4 Schematic of in situ integration of supercapacitors
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Figure 5 (a) Conductivity, (b) CV curves, (c) GCD curves, and (d) comparison of specific capacitance of supercapacitors
constructed from hydrogels 1-3 in Table 1. Intergroup statistical significance analysis was denoted by *(**p<0.01, ***p<0.001)
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