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Research Subject: Poly(dimethyl siloxane) (PDMS) is a silicone
polymer that nowadays despite unique characteristics and high
application potential of its microparticles, their preparation via bulk
emulsification methods is a main challenge due to the limitations in
mixing process, high viscosity and low surface energy of PDMS that
make impossible accurate control of final obtained particles. In the
present work, size-controlled PDMS microparticles were prepared
from a high-viscosity material.

Research Approach: PDMS microparticles were obtained by using
glass capillary co-flow microfluidic device. The designed microfluidic
device is facile, inexpensive and reusable and facilitated preparation
of the high-viscosity PDMS microdroplets. Stabilizing the oil-in-water
emulsion was obtained by optimizing the bath components and
curing process that resulted in monodisperse and spherical PDMS
microparticles. Effect of some important adjustable parameters such
as microchannel diameter and flow rate on the flow regimes and
microparticles polydispersity were investigated by means of optical
microscopy and scanning electron microscopy.

Main Results: Results showed a dripping regime for producing
monodisperse microparticles at low flow rates of the continuous
phase and monodisperse microparticles from it. On the contrary,
microparticles obtained from jetting regime are more polydisperse
and smaller in comparison with dripping regime. By reducing the
diameter of inner microchannel, microparticles with a diameter
of 1.83 pm were obtained. Using the designed technology, uniform
nanocomposite PDMS/ZnO microparticles 318 pum in diameter
containing %15 ZnO were obtained from an oil phase viscosity of 7550
mPa.s. Therefore, by an optimized and facile method, size-controllable
uniform microparticles can be prepared that are proposed for various
applications including drug delivery, bioengineering and electronic
industry.
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Fig. 1. Schematic image of co-flow capillary glass microfluidic.
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Fig. 2. Optical microscopy image of formed PDMS microparticles from a dropping regime.
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Table 1. Composition of continues phase for investigation of the continuous phase flow rate effect on
microparticles dispersity.

Viscosity

0, 0, )

Parameter SDS (wt%) PVA (wt%) HEC (wt%) (mPa.s)
Amount 3.00 1.00 1.00 67.15

Table 2. Sample codes based on different flow rates of continuous phase at constant flow rate of
0.037 ml/h for the dispersed phase.

Sample CPR1 CPR2 CPR3 CPR4 CPR5
Flow rate
(ml/h) 8 16 24 40 56
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Fig. 3. Dispersity of microparticles from dripping regime with the flow condition of CPR1 and disperse
phase flow rate of Qd=0.037 ml/h.
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Fig. 4. Dispersity of microparticles for transition regime from dripping to jetting with flow
conditions of CPR2 and CPR3 and Qd=0.037 ml/h.
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Table 3. characteristics of used flows in prepared microfluidics with different capillary inner

diameters.
" Continues phase
0,
Flow rate (ml/h) Bath composition (%) | PDMS e (]
Disperse | Continues | pys ' gpg | HEc | AB PVA SDS | HEC
phase phase
0.0256 40 1.00 1.50 1.10 10:1 1.00 3.00 1.10

alizs gl lad b (glo Jlws Soo 5| Jol> PDMS 85 oo 18 o3l ¥ o
Table 4. Size of PDMS microparticles diameter obtained from microfluidics with different

diameters.
Characteristic sample A sample B sample C
Capillary
. 22.63 137.54 198.63
Diameter (pm)
Microparticle 1.83 291.82 345.61
Diameter (pm)
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Fig. 6. Optical microscopy images related to inner capillaries and obtained microparticles from A, B, and C
microfluidics.
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Fig 7. PDMS/Zn0 nanocomposite microparticles images. A) Optical microscopy image, B) FE-SEM image of
cross-section, C) FE-SEM image of cross-section with high mignification.
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Fig 8. Effect of ZnO on the PDMS micropaticles morphology prepared by the microfluidic device.
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