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Abstract

A new method using solar thermal bubble vortex modulation for the removal of microplastics has
been proposed. By exploiting the Marangoni flow effect around the hot bubbles, plastic particles
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can circulate into the bubbles and aggregate/fuse into larger plastic masses within the “melting
pot” of the bubbles, allowing for sustainable collection of plastic particles from water. The study
indicates that plasmonic nanostructure arrays exhibit excellent light absorption and heat collec-
tion characteristics, and the morphological changes of the array units can affect the photothermal
performance. The vortices induced by the solar thermal bubbles in the water significantly impact
the enrichment of microplastics. Additionally, the diameter of the bubbles, particle concentration,
and particle size also affect the enrichment efficiency of the hot bubbles on the particles. This re-
search enriches the theory of photothermal bubble multiphase flow and provides new insights in-
to the research on the removal of microplastics from water.
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Figure 1. Diagram of microplastics removal by plasmonic bubbles
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Table 1. Parameter setting of model
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Figure 2. Light absorption and heat collection characteristics of gold nanostructure arrays with spheres, cuboids and pyra-
mids as units: (a-c) are schematic diagrams of nanoarrays; (d-f) are simulated cloud diagrams of relative electric field inten-
sity; (g-i) are simulated cloud diagrams of cross-sectional temperature distribution
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Figure 3. Maximum relative electric field strength and maximum tempera-
ture changes with power for three structural arrays
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Figure 4. Effect of bubble diameter on velocity/vorticity
value and distribution
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Figure 5. (a) Particle force diagram; (b) Particle position distribution and trajectory diagram; (c) Effect of particle number

and size on the particle collection efficiency of hot bubble
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