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Development of Multilayered Droplet Splitting Microfluidic System for
Preparation of Microdroplet
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In this study, we present the multilayered symmetrical droplet splitting microfluidic system for preparation of microspheres. The
microfluidic device was fabricated by conventional photolithography and PDMS casting. Multiple layers of microfluidic channels
for symmetrical droplet splitting were stacked and integrated into a device. Each layer was designed to obtain 16 microdroplets
from one droplet by droplet splitting. The droplet size was controlled with flow rate of dispersed phase (DI-water) and
continuous phase (Mineral Oil with 3 wt.% SPAN8O) by using a syringe pump. The droplet splitting behavior and production
rate were analyzed by high-speed camera and inverted microscope in one layer of the microfluidic device. Additionally, the
droplet size and size distribution were observed in each layer of the microfluidic device. The droplet size could be controlled
by flow control of two phase flows with high uniformity of droplet size less than 5% coefficient of variation.
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Q. = Flow Rate of Continuous Phase E310] nyYgAke] 7] 9 @222 (Loading Material)2] oF
CV = Coefficient of Variation |
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Fig. 1 Fabrication process of multilayered microfluidic device
based on droplet splitting for preparation of microdroplet
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Fig. 2 Preparation of water droplet prepared by multilayered
symmetrical droplet splitting microfluidic device
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Fig. 3 Optical images of micro water droplet splitting at T-Junction
of microchannel: T-Junction for preparation of water plug
and various T-Junctions for droplet splitting (1st, 2nd, and
final T-Junction)

Fig. 4 Optical images of micro water droplet at collection part of
single symmetrical droplet splitting microfluidic device (1st,
2nd, 3rd, and final collection)
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Fig. 5 Diameter of water droplet prepared by droplet splitting
microfluidic device (Qg= 0.5 ml/h, Q.= 1.75 ml/h)
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Fig. 6 Diameter of water droplet prepared by the single symmetrical
droplet splitting microfluidic device depend on flow rate of
various continuous phase with flow rate of constant dispersed
phase (Qq= 1 ml/h)
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Fig. 8 Optical images of droplet splitting mode at T-Junction: (a)
Symmetrical splitting Q./Q. = 0.5/1.5 (ml/h), (b) Non-Splitting,
0.J0.=0.5/2.75, and (c) Asymmetrical splitting 0/Q. = 1/7
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Fig. 9 Generation rate of microdroplet from single symmetrical
droplet splitting microfluidic device with various flow rates
of dispersed phase and continuous phase
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Fig. 10 The optical images of generated microdroplet in final collection
of multilayered symmetrical droplet splitting microfluidic
device: (a) The multilayered symmetrical microfluidic system,
(b) First layer, (c) Second layer, and (d) Third layer
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Fig. 11 Diameter of microdroplet prepared by multilayered
symmetrical droplet splitting microfluidic system at each
layer (O, = 3, Q. = 5 ml/h)
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