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AFaCIE, Microfluidic formation of biphasic droplets and their application in fabrication of polymer particles] &L, 47 &) D
R STV D,

% 1% [ntroduction] TiL, ¥ 7 NVT~wi a2 ORI DIRMAEFT 5 Janus KA, OB HRER S D
D, HABHIG I T BRSO A PEIC OW TR R72 8, 2006 ORI OTER[ER L UOBE T 210 HE 0~ A 7 v i A Iz >0
THBLL TV 5. 20 ECAGRICTIE, A 7 aif#gic & 2 mWITBAMEOIR 2 M 5 722 D (ZARIRNE) D4R, Sl
T ARAF TR D AR OTREHIE, 33 L 0En 6 OR Y v — ki IR~ OISR 2 SO Fi BRI ORE L LU
ZOHIMEDIFEZ B E LT 5.

%5 2 % [Janus-to-core-shell transition of microfluidic biphasic droplets| TiX, ~ A 7 B yt#IZ THER L7z IR OREER & B
TRNVRLFHR—ASDISHIZOWTHE L TWD. £, I T A~ A 7 miigic7 7 ) L— b€/ <=— (HDDA) &3V a—
VAA L (SO) O AVWATIRATERE, W6 RY E=LT/La—/L (PVA) KIEKZEKSE, TOREHEIC L ¥y
[EAE 105-325 pm, 20D CV i (EYERE ) 23 1.0-4.5%0 ARl 2 A£m LT\ A, RIZ, AERRERZIX Janus B TH 5
WS, R TR —I2 L0 BHIEAZ SO M, HDDA &4k &9 2% a7 v = VRLICER T 2 5T 2 BIEBEIC LV B 600
LTS, 7, “HORRKIZEY, RO 7 vz VI ERIRS ASICHETE D Z L2 FEL TV D, S5I8, KBXW
BEJEC L DR =—h T A OB L BUEHEIEICOWTHRE L, HNBEE 800 nm ORBHIE T 2L 2B/ T\ 5.

% 3 % [Microfluidic formation of surfactant-laden Janus droplets] CiX, FETGEMEAIZ &Tedr7= 72 Janus Wi O AR & L > kL
FRBADIEHICOWNTHF LTS, £7, 82 BOERRICIWT SO ICHRETEHAIZTMNT 2 2 &I12 kY, 7RI~ T
F L < A EVED M | LTz Janus I 3G DD T 2 RM L TWA. RIC, WmERISMZ, FmiEtEARE ORIz LY,
Janus WEANEBO REREZFIEH CTEX 5 2 L EFFEL TWAD. 612, EAFIC XY, Wifhik LOMM L > XK O B HUR
UV~ —HRi B 6N5 2 EEHERL TV,

% 4 % [Microfluidic formation of ternary emulsion droplets] Ti%, £ 3 BIZ TR Lz Lo XWRpI -k o =Rm 4 HAY &
L, 220 HDDA fHlfk & 1 50 SO 57222 MM OLMEEZREL TWD. £7, REiELA £ &t SO Ol b
HDDA Z &t ST~ A 7 v ZFATIHR A TER LT, PVAKEIRZ GRS, FHER 138 um, CV H 2.5%0 =FHiki 4 4
BRLTWa. £z, ARiKE? 2 SO ik HDDA &k 4 47 L, HDDA fEIIFA 135 X O =AiRE R LIXA S IcG—TRET
L EERMERLTND. 61T, FEHIZE D 250 HDDA RO Y A X EROHIE R FIREL 705 2 &, B LOEALH
W2 X BB D O 2 {HOM L o R OB N AREE 720, L o RRBL - FRNEOIR B B35 Z L ZEFEL TN 5.

%5 5 % [W/O/W double emulsions produced in PDMS microfluidic devices] Ti%, H£%0 Water-in-Oil-in-Water (W/O/W) Bk
DA EZOHEBELE B E Lz, PR~ A 7 2T SA AZRBEL TN D, 77, layer-by-layer 15T & 0 Bk L OB
KM% JRFRECHIE L=, 2 SO+l &85 L7= polydimethylsiloxane (PDMS) HUF /34 A Z{EHL L T\ 5. &Iz, /KM
& AR D R ELRIENC & 5 b 237y, f/IMIRIEL 3.5 pm D B W/O/W YT 22 SRS 130 pm, CV E 0.8%( 2 T/ TV 5.
EHIZ, PRI Weber A3 1 AETH D Z &A%, HkE W/O/W BURTH AR DD DMLELRMETHD Z L 2R LTV D.

% 6 % [Parallelized microfluidic channels for generating biphasic droplets] T, B4 L% AEFEET~ L IGAT 285 A 13
BETRBEFEEBA T —NVT v T2 HNE Lz, Hilz2WWiHbT A ZADBFIZONW TR TS, BRI TNDET /A R,
4ODAY v MR EMA D AT VAR E, <A 7 BitEAESIE &I PDMS 7 v YO Y SbEIc L W ks .
BeK 128 Filk 2 FIE L= @ 2 AV, 8D CV EDH) 5% 27 3 = VRIS LU Janus RO “AHEIH 21565 Z L 2R L
TW5.

% 7% [Conclusion and outlook | TlE, AGHCTHOLNTMERREEZRIEL, SHOBEZBITND.

PUEZEF DI, RRSCE, <A 7 ik & FW T2k - R ERET oRRe - BRI 4 RigIChiok 5, Bz e ZFRikE
AERRE, e l, EELERSCAERA 7 — AT v T TN RAZONWTIRE - LFELE O THY, LH¥ ERDWNCTLE
EEBKT DL ZABRKEV. Lo TARRIE, L (L%) OFa e LTHARMER S LD EROHNDS.

% FSCE B, 3L 2000 52 & 5630 300 §F 4 1 BT DT 500, b LIS 800 554 1 i LT 2E vy,
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In Chapter 1, the conventional emulsification methods and recent droplet microfluidics for making
biphasic droplets (i.e., double emulsions and Janus droplets) are introduced. Then, the objective to expand a new
microfluidic approach for biphasic droplet formation based on the minimization of interfacial energies and their
applications is described.

In Chapter 2, the Janus-to-core-shell transition of microfluidic biphasic droplets for fabricating
microcapsules is studied. Janus droplets comprised of an acrylate monomer (HDDA) and silicone oil (SO) are
produced in a co-flowing aqueous polyvinyl alcohol (PVA) solution, subsequently evolved to the core-shell state
by minimization of interfacial energy. Then, they are solidified into microcapsules with an ultra-thin shell
(thickness, 800 nm) via photo- and thermally induced polymerization.

In Chapter 3, the formation of surfactant-laden Janus droplets is studied. The presence of a surfactant in

the SO phase produces Janus droplets with considerably higher stability against coalescence than the
surfactant-free Janus droplets in the aqueous sodium dodecyl sulfate (SDS) solution. By varying the surfactant
concentration in the SO phase, the morphology of surfactant-laden Janus droplets can be tuned for fabricating
concave-convex and biconvex lens-shaped particles via off-chip photopolymerization.

In Chapter 4, the formation of surfactant-laden ternary droplets is studied. Ternary droplets comprised of
two biconvex HDDA segments separated by a biconcave SO segment containing a surfactant are produced for
scalable fabrication of two biconvex particles from one droplet.

In Chapter 5, a planar polydimethylsiloxane (PDMS) microfluidic device is described for one-step
formation of single-core Water-in-Oil-in-Water (W/O/W) double emulsions with a thin shell.

In Chapter 6, a novel parallelization device is described for the scaled-up production of biphasic droplets
in industry. The device consists of a PDMS planar chip having an array of parallel microgrooves and a
stainless-steel module having vertical slits. By using a device having 128 parallel channels, monodisperse
core-shell and Janus droplets are produced.

In Chapter 7, the conclusion and future work are described.
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