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Research Progress on Preparation of Microcapsules by
Photopolymerization Combined with Phase Separation

WU Kaiyun, LUO Jing
(Key Laboratory of Synthetic and Biological Colloids, Ministry of Education, School of Chemical and Material Engineering,
Jiangnan University, Wuxi 214122, Jiangsu, China)

Abstract: Microcapsules are tiny containers with a core-shell structure, capable of storing various substances and controlling
their release. Most conventional microcapsule preparation strategies use emulsion droplets as templates to construct core-shell
structures through thermally initiated polymerization, which often requires long-term high-temperature reactions. This may
cause demulsification of complex emulsion templates, thereby affecting the morphology and structure of microcapsules.
Photopolymerization technology, with its advantages of high efficiency and mild conditions, is very suitable for the rapid
curing of complex emulsion templates and exhibits unique advantages in the preparation of microcapsules. In recent years,
our research group has combined photopolymerization technology with phase separation within emulsion droplets to construct
microcapsules. This method is characterized by mild conditions, high efficiency, rapidity, adjustability, and controllability,

and shows unique advantages in the large-scale preparation of microcapsules. This review summarizes the research progress
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in the preparation of microcapsules with adjustable structures and controllable properties based on this method, including
single-layer polymer microcapsules, multi-layer microcapsules, hybrid microcapsules, and multi-compartment microcapsules.
It also discusses the construction of various functional coatings based on these microcapsules, and finally explores the existing
problems and future development trends of this method for microcapsule fabrication.
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Fig.2 (a) Schematic diagram of polymer microcapsule preparation via photopolymerization combined with phase separation inside emulsion

droplet; Fluorescence microscope images of (b) initial emulsion droplets, (c) after co-solvent removal, and (d) after UV irradiation

emulsion droplets; (¢) SEM image of microcapsules (inset showing a fractured microcapsule)™®!
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Fig. 3 (a) Strategies for tuning shell composition of polymer microcapsules; (b) Toluene resistance and (c¢) mechanical properties of different
polymer microcapsules!”!
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Fig. 11 (a) Preparation flow chart and (b) surface morphology of GO/polymer hybrid microcapsules; (c) Double self-healing schematic
diagram of epoxy coating with GO/polymer hybrid microcapsules; (d) SEM images of blank coatings and composite coatings with
GO/polymer hybrid microcapsules after NIR light irradiation for 0 s and 5 s %!
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Fig. 15 (a) Preparation of dual-responsive multi-chamber microcapsules and pre-programmed release of two payloads (NR and OG) from
microcapsules; Release behavior of multi-chamber microcapsules under two control strategies of (bl) decreasing pH and (b2)
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Fig. 16 (a) Schematic diagram of self-healing coating repair based on multi-chamber microcapsules encapsulating curing agent PEA and
healing agent IPDI at the same time; (b) SEM images of blank coating, composite coatings with multi-chamber microcapsules and two
kinds of microcapsules after healing; (c) (Left) Self-reporting diagram of the composite coating with multi-chamber microcapsules and
two kinds of microcapsules, and the color development of (Middle) the complete coating and (Right) the damaged areal** 3
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