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Simple and Highly Efficient Droplet Merging Method using Viscosity Difference
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Abstract

Simple and highly efficient droplet merging method is proposed, which enables two nanoliter or picoliter droplets to
merge regularly in a straight microchannel. We observe that two droplets of the same size but of different viscosities are
merged by velocity difference induced as they are transported with the carrier fluid. To make viscosity difference, the
mass ratio of water and glycerol is varied. Two droplets of the same size or of different sizes are generated alternatingly
in the cross channel by controlling flowrates. This droplet merging method can be used to mix or encapsulate one target
sample with another material, so that it can be applied to cell lysis, particle synthesis, drug discovery, hydrogel-bead

production, and so on.
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Fig. 1 A schematic of the proposed microfluidic
channels; (a) Cross channel for generating droplets
alternatingly. (b) Channel for measurement of droplet
velocity varying the viscosity. Viscosity can be changed
by the flow rate ratio of water and glycerol.
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Fig. 2 (a) A schematic of droplet merging due to
viscosity difference, (b) Experimental result in the case
when there is no viscosity difference between two water
phases. Droplets can not be merged. (b) Experimental
result in the case when there is viscosity difference
between two water phases. Droplets can be merged. Low
viscosity fluid is water and high viscosity fluid is
water/glecerol mixture (the mass ratio x; = 0.5).
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Fig. 3 Droplet generation and merging in three different
flow rates: (a) the low viscosity phase flow rate is
smaller than the high viscosity phase flow rate, (b) in the
case of same flowrate, (c) the low viscosity phase flow
rate is larger than the high viscosity phase flow rate. The
low viscosity droplet is always faster than the high
viscosity droplet, so that the two droplets are merged.
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Fig. 4 Channel images for measuring the droplet
velocity: (a) Inlet region for injection of low viscosity
fluid (water) and high viscosity fluid (glycerol), (b)
Monodisperse droplet generation at T-junction, (c)
Winding and bumpy channel for rapid mixing in a
droplet, (d) Velocity measurement region (velocity is
measured by calculating the number of pixels).

0.20

0.15 4

(U-ViU
2
( ]

0.05

0.00

0 2 4 [} 8
Kinematic Viscosity of Water/Glycerol Mixture

Fig. 5 Droplet velocity variation with the kinematic
viscosity of water and glycerol mixture. The oil phase
flow rate (150 pl/h) and the total flow rate are
constant (250 p1/h), but flow rates of water and
glycerol are varied.
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