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Integrating Cutting-edge Technology into Undergraduate Experimental
Teaching: Application of Microfluidics in Polymer Experiments

FU Xue-wei"

(College of Polymer Science and Engineering, State Key Laboratory of Polymer Materials Engineering,
Sichuan University, Chengdu 610065, China)

Abstract: To further cultivate the practical innovation ability of undergraduate students majoring in polymer
science and engineering, an innovation experiment was designed for senior undergraduate students, which
combined microfluidics and phase separation for polymeric fluids on fibers. The experiment harnessed the
Rayleigh-Plateau instability phenomenon generated by polymeric microfluids on the surface of fibers and
the antisolvent-induced phase separation process, to achieve the continuous preparation of spindle-knot
fibers with controllable size and pore structure. During the experimental teaching process, students not
only familiarized themselves with the basic principles and development trends of microfluidic technology,
but also participated in the entire experimental process including solution preparation, microfluidic control,
phase separation process control, and water collection performance testing. As a result, they understood
and mastered polymer micro-/nano-fabrication technology and morphology characterization methods.
This experimental teaching has effectively promoted students to integrate basic knowledge in different
disciplines such as polymer physics, rheology, and polymer molding and processing, and effectively
cultivated their innovative thinking, research potential, and teamwork ability.
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Figure 1 The homemade setup for manipulating the phase separation process of 1D polymeric microfluid based on nylon fibers
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Figure 2 Scheme of the teaching process
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Figure 3 (a) SEM images of the spindle-knot fibers fabricated with PVDF solutions with varying solid contents (drawing rate

was fixed at 1.5 cm/s); (b) SEM images of the spindle-knot fibers fabricated with varying drawing rates (PVDF solid content was

fixed at 10%)
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Figure 4 (a) SEM images of the spindle-knot fibers treated with different phase separation temperatures (from left to right: 25,
60, and 80 °C); (b) The corresponding SEM images of the spindle-knot
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Figure 5 (a) Summary of the maximum droplet size and the average pore size of different spindle-knot fibers during water

collection; (b) Photographs of the droplet collection process at different time periods at 90% R.H.; (c) Droplet growth curves

versus time for different spindle-knot fibers
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Figure 6 (a) Photograph of the PDMS embedded with the spindle-knot fibers; (b) Photograph of the nanopatterned PDMS after
the fiber removal; (c) SEM image of the nanopatterned PDMS; (d) SEM image of the curved spindle-knot fiber
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Figure 7 (a) Statistics of the students’ final grades; (b) Pie charts of the questionnaire results
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