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Abstract

Microfluidic reactors have been made to achieve significant development for the generation of new functional materials to
apply in a variety of fields. Over the last decade, microfluidic reactors have attracted attention as a user-friendly approach
that is enabled to control physicochemical parameters such as size, shape, composition, and surface property. Here, we develop
a centrifugal microfluidic reactor that can control the flow of fluid based on centrifugal force and generate multifunctional
particles of various sizes and compositions. A centrifugal microfluidic reactor is fabricated by combining microneedles, micro-
centrifuge tubes, and conical tubes, which are easily obtained in the laboratory. Depending on the experimental control param-
eters, including centrifuge rotation speed, alginate concentration, calcium ion concentration, and distance from the needle to
the calcium aqueous solution, this strategy not only enables the generation of size-controlled microparticles in a simple and
reproducible manner but also achieves scalable production without the use of complicated skills or advanced equipment.
Therefore, we believe that this simple strategy could serve as an on-demand platform for a wide range of industrial and aca-
demic applications, particularly for the development of advanced smart materials with new functionalities in biomedical
engineering.
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Figure 1. Schematic illustration of the basic strategy for generation of
Ca-alginate microspheres using centrifugal force based microreactor.
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Figure 2. Physical size control of Ca-alginate microspheres. The alginate
precursors are parallelly applied for the generation of microsphere
using (a) 1, (b) 2, (c¢) 3, and (d) 4 micronozzle, respectively. (e) Size
distribution of generated Ca-alginate microspheres. Each experiment
was repeated ten times.
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Figure 3. The effect of control parameters such as (a) alginate concentration, (b) distance between needle and CaCl, solution, (c) centrifuge speed,
and (d) CaCl, concentration. Each experiment was repeated ten times. The scale bars are 100 pm.
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Figure 4. One-step generation of chemical composition-controlled Ca-alginate microspheres, selectively loaded with green or red fluorescence
polystyrene microspheres. (a) Schematic illustration of the generation process of multicompartment microspheres and its corresponding experimental
results: (b) bright field, (c) fluorescence, and (d) composite images. Each experiment was repeated ten times.
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