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Abstract : Monodisperse microparticles has been particularly enabling for various applications in the encapsulation and
delivery of pharmaceutical agents. The microfluidic devices are attractive candidates to produce highly uniform droplets that
serve as templates to form monodisperse microparticles. The microfluidic devices that have micro-scale channel allow precise
control of the balance between surface tension and viscous forces in two-phase flows. One of its essential abilities is to
generate highly monodisperse droplets. In this paper, a microfluidic approach for preparing monodisperse polycaprolactone
(PCL) microparticles is presented. The microfluidic devices that have a flow-focusing generator are manufactured by
soft-lithography using polydimethylsiloxane (PDMS). The crucial factors in the droplet generation are the controllability of
size and monodispersity of the microdroplets. For this, the volumetric flow rates of the dispersed phase of oil solution and the
continuous phase of water to generate monodisperse droplets are optimized. As a result, the optimal flow condition for droplet
dripping region that is able to generate uniform droplet is found. Furthermore, the droplets containing PCL polymer by
solvent evaporation after collection of droplet from device is solidified to generate the microparticle. The particle size can be
controlled by tuning the flow rate and the size of the microchannel. The monodispersity of the PCL particles is measured by a

* To whom correspondence should be addressed.
E-mail: jeonghh29@jnu.ac.kr; Tel: +82-61-659-7298; Fax: +82-61-659-7299

doi: 10.7464/ksct.2019.25.4.281 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

283



284 AT

coefficient of variation (CV) below 5%.
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Figure 1. Surface modification method using plasma treatment.
(A) Oxidation of microfluidic channel. Oxygen species
generated by the plasma diffuse into the open inlets,
treating the channels to make them hydrophilic. (B)
Quantification of water contact angle measurement for
bare, plasma treated, and PVA treated PDMS.
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Figure 2. The flow patterns as flow rate in the microfluidic device.
(A) Representative optical images of the four flow
regions. (B) Phase diagram as a function of volumetric
flow rates of water (Qw) as continuous phase and oil (Qo)
as dispersed phase. A gray region represents the optimal
flow condition for droplet dripping.
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Figure 3. Control of monodisperse droplet size. (A) Optical images
of collected droplets as changing flow rate for continuous
phase. (B) Controlled droplet size of PCL droplets by
flow rate of water phase.
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Figure 4. Control of monodisperse PCL microparticle. (A) Optical
images of collected initial droplet (before evaporation)
and microparticle (after evaporation) as changing
concentration of PCL. (B) Controlled microparticle size
by PCL concentration.
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