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Most current microfluidic technologies are applicable to encapsulate liquid cores into liquid shells to form liquid–liquid–liquid emulsion, such as oil-in-water-in-oil (O/W/O), water-in-oil-in-water (W/O/W), and water-in-water-in-oil (W/W/O) emulsion. Once the core and shell of a double emulsion are the same material, or the cores are the same solvents with different solutes, these liquid–liquid–liquid emulsions cannot be used as the template for the preparation of solid core–shell structure material. In this case, we can produce the solid core–shell structure material via solid-in-water-in-oil (S/W/O) or solid-in-oil-in-water (S/O/W) double emulsions. 

In this paper, we present an improved microfluidic device based on facile glass capillary assembly with expected characteristics (Figure 1). Correspondingly, a high-speed visualization experiment is conducted to test the encapsulation performance of S/W/O and S/O/W double emulsions from the presented microfluidic device. It is demonstrated that our microfluidic device enables the encapsulation of both light and heavy particles with a 100% success ratio and the precise control of the quantity of particles by adjusting the flow rate. In addition, by employing multiple injection microchannels into the microfluidic device, multiple types of solid particles can be encapsulated into single emulsion droplets with different combinations. 
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Figure 1. The flow-focusing microfluidic device for encapsulation.
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