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Abstract: In the present study, we designed a microfluidic platform for generating monodisperse droplets with
diameters ranging from hundreds of nanometers to several micrometers. To generate fine droplets, T-junction
and flow-focusing geometry are integrated into the microfluidic channel. Relatively large aqueous droplets are
generated at the upstream T-junction and transported to the flow-focusing geometry, where each droplet is
broken into smaller droplets of the desired size by the action of pressure and viscous stress. In this
configuration, the flow rate of the inner fluid can be made very low, and the ratio of the inner- and
outer-fluid flow rates in the flow-focusing region can be made very high. It has been shown that the present
microfluidic device can generate droplets with diameters of approximately 1 wm (standard deviation: <3%).
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Fig. 1 Schematic channel geometry for generation
of fine droplets

K
il
O,
ofo
_0|L
2
)

In

, A W

ol
fn Y o
T N o o
U ol
o
Ho
O,
i o
)
Lo,
Ho

=

ot
2
2

)

B do o
I ol [k

Of
—_

O Mo 2L N o qS plr e

o rlo

f
N

rr

&

N
¢ =2
o o
<l
L
-4 =
offl il
tjo Ht
e

OA ol

> o
N jg‘id

&2 2
H = Ho
o 1l go
4y
o o 4
e e >

X
Y
>
>
ol

zz
ox
o
= o
2,
1
i)
o
o
Y

o oY
)

= ro

N
N
Y
o
2
s,
1 o
%
un)
=
m
o
K
28

T
)

o

P % o m

o o

[o fu
Hnjg[r_&[‘lf
o ool 2 oy o

T S
o7
=
=2
i i ue o
I T ) A D A = M A

)

I

i

Ho

o

N,

Ip

-
Y

=)
=

Of

2.12 AMY MAL} M=

F& FeATE o)8ste] & FEHE Fi=dt
7] 918l Fig. 19 Zo] TA ALH F5-A& +
%2 nfo]A & Ao A A

T2 QG AufFo] &) AAS MAsE W
Aotk T AdelA Bdd 442 A
deo] vujof ula] AjAoz A HHo
de] i AE dus dyd Aes S

791

st AAE Aol Adel us) 4]

{0

[¢]

[E] halogen lamp
syringe 2.5 mé

PDMS channel

microscope
objective
mercury lamp

ultima APX-RS (Photron Inc.)
—

Fig. 2 Experimental setup

syringe 100 u@

syringe pump
computer

syringe 100 1@

high speed camera

S 7 (sphere)d] FEHIZ AA EFE & Urh
AzLe] AS-= A& s A FA
He 7 AldY ynle] H7t 1o
o), T A= Aol #9

= AE ynprh Babdol §dEE Ade Y
H Bt} suf o] 2 Ag-ol aflgee? mAd
F7F Fe f%5Ca =pUJo=pQd(0WH) <
0.l = FAl2 AW W 3k Aoz =

ok EuAEe Avdnt o 7] Wi
Fogol el duS o mepwely] A7k 4
&adel AFIE BAFS BoluA E@th of
W REE Selo ol A Unlel & ow)
] | 3

g 2 ATelM= TR AdelA
o

o]

7F 50 = AR ZFEE A =gt

TA AdelA BHE EH1e 5
of T AMERE AAL| o] HEol o ]
Ao g Fadtt fre-HE T2 by
de] AHgH = e
Astal A& Fabde]l 52
247F 50 m, 22929 YHlE 20 molw Al
o] Fol& 50 m=E AE A FAdA L3t

A SU-8 E=o]| PDMS precursor (Sylgard
184, Dow Corning)®} Z3IAIE 10 : 19 H&EZ
E3gtate] Fal o]5 A2olA 15 &, 65 T &
2ol 60 & Hyste] AlEALh!D 4] ®
T PDMSSl A AAsH7] flsko] E=olA
gojW PDMS ML} AE wgAHsS AT
PDMSE 4t4 Z2F=vHoxygen plasma)= A 2] 3}
of Agstirt. Fek=vte] »=%¥ PDMS W&

Z



674 455 - A4

(a)

Silicon oil

50 pm
(b) Ssilicon oil
150 uL/h
D C>——00000000000¢
rSilicomotl =k b S et e B LG —_—
150 ul/h sl

Fig. 3 T-junction and flow-focusing geometry generating
(a) water plugs and (b) substantially small
spherical droplets while syringe pumps are
continuously supplying constant flow rate
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Fig. 5 Generated droplets under different flow rate
ratio conditions observed at immediate
downstream of the orifice. The droplet size
decreases as the flow rate ratio increases
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5 um

Fig. 7 Enlarged image of monodisperse fine droplets
with size of 2 pm

ol A]

-

ol
ol

N

_

H 150 FEollA A==
AdE vEpdY
FAAE 0.817 m=E A
et 7198 & F . o
Eate] S g ¥~ vnzt 20 mel FE-H
ZolAd FERRES AA go=M Qv yH

uoh AR Ae £EY A4S Axe] 44 s

9]
Z]

4l
e

o

)

ox A

hyA

o

&2 o W

Rl

1 4

E
==

S}

3

% e

Jiz o
ml Jo

MRS 1% o ot

— d
=

=

o

—

|
il

0%
et
2

=)
=

2

Ao
o

o
—_/

x2

L TR el A
Az x| o2 10

-
.

>
mE A% o

£ o

2 ne,
=z
ne 9o
it offf

o

—

i
ki

s

flo

ol
o

Ho
x2

s
—

e i
3@ Mo

.

X - ol
=)

O 4 o

=
.
-

o,

T

[ P
oftt

rr o

H K
flo J0

ke
l-il

°
i

(

o0 od 2
,
Y
W
=X

32 MM

o

Hop 2L A 44 S
HAH gk %< (water-in-oil)
UE T s AAET E
of "l 7= A
714 Adde FaskA

R Lae T U R e A =

==

o

Ak
>

2o g b 2

Aojate] ]3]

Al

Huln

o o
=0 rlr

o,
i

Bl

)
=
rlo

L

2
offt
Ho
__)il“
=2

(]

1B
o
4 X

=

2

Mo oX m T pE o
ok N

o2,

Y

=gy

F

]

IEd

(1) Kobayashi, I., Nakajima, M. and Mukataka, S.,
2003,
Emulsions Using Differently Charged Surfactants in
Straight-through
Colloids and  Surfaces
Aspects, Vol. 229, pp. 33~41.

(2) Anna, S. L., Bontoux, N. and Stone, H. A., 2003,
"Formation of Dispersions Using "flow focusing" in
Microchannels," App. Phy. Lett., Vol. 82, No. 3,
pp. 364~366.

(3) Anna, S. L. and Mayer, H. C., 2006, "Microscale
Tipstreaming in a Microfluidic
Device," Phys. Fluids, Vol.
121512-1~121512-13.

(4) Tan, Y. C. and Lee, A. P., 2005, "Microfluidic

Separation of Satellite Droplets as the Basis of a

"Preparation Characteristics of oil-in-water

Microchannel Emulsification,"

A:  Physicochem. Eng.

Flow Focusing
18, No. 12, pp.

Monodispersed Micron and Submicron Emulsifica-

tion System," Lab Chip, Vol. 5, No. 12, pp.
1178~1183.

(5) Link, D. R, Grasland-Mongrain, E., Duri, A,

Sarrazin, F., Cheng, Z., Cristobal, G., Marquez, M.



FA 228 ol &8 WA AF A

and Weitz, D. A., 2006, "Electric Control of Droplets
in Microfluidic Devices," Angew. Chem., Vol. 118,
No. 16, pp. 2618~2622.

(6) Kim, H., Luo, D.,, Link, D., Weitz, D. A., Marquez,
M. and Cheng, Z., 2007, "Controlled Production of
Emulsion Drops using an Electric Field in a
Flow-focusing Microfluidic Device,"App. Phy. Lett.,
Vol. 91, No. 13, pp. 133106-1~133106-3.

(7) Barrero, A. and Loscertales, 1. G., 2007, "Micro-
and Nanoparticles via Capillary Flows," Annu. Rev.
Fluid Mech., Vol. 39, pp. 89~106.

(8) Adzima, B. J. and Velankar, S. S., 2006, "Pressure
Drops for Droplet Flows in Microfluidic Channels,"
Journal of Micromech. and Microeng., Vol. 16, No.
8, pp. 1504~1510.

677

(9) Fuerstman, M. J., Lai, A., Thurlow, M. E,
Shevkoplyas, S. S. and Stone, H. A., Whitesides,
G. M., "The Pressure Drop Along Rectangular
Microchannels Containing Bubbles," Lab. Chip.,
Vol. 7, No. 11, pp. 1479~1489.

(10) Garstecki, P., Fuerstman, M. J., Stone, H. A. and
Whitesides, G. M., 2006, "Formation of Droplets
and Bubbles in a Microfluidic T-junction—Scaling
and Mechanism of Break-up," Lab. Chip., Vol. 6,
No. 3, pp. 437~446.

(11) Bhattacharya, S., Datta, A., Berg, J. M. and
Gangopadhyay, S., 2005, "Studies on Surface Wettability
of Poly(Dimethyl) Siloxane (PDMS) and Glass Under
Oxygen-Plasma Treatment and Correlation With Bond
Strength," J. MEMS, Vol. 14, No. 3, pp. 590~597.



