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A F3Ci%, T Microfluidic emulsion-based synthesis of functional calcium-alginate hydrogel particles and their
applications] EEL, &7 ENOOLBRINTND.

% 1 % [ntroduction) TIX, FT, RRHEROLHFENA e L Th Y AEEEHE, Aok, BLO%ES
PEIZEBNTZ T VFX VBTN ONA FIGHICBIT 5 BEE EEVEICOW TR, Y%7 Vb 7R Dk 1- D1
KBk L OBEE T 2RO~ A 7 o iR EC OV THB L T\ D, 20 ETERGRITIE, <A 7 niiigzH
W BT VX BV T A (Ca-alginate) 7 /VRLF OB, 2 DDORL DR K %4HT 5 Janus 7
WKL DA, 7VRIT-OREEM, AEEAFr—NLT v 7, BIXOEFNAT VR TOEREZ OGRS
KO EF BRI ORE L ZORMEOFTZ BIE LTWD.

%5 2 & [Microfluidic emulsion-based synthesis of calcium-alginate hydrogel particles| TliX, ~- 7 2 HtEENHE T
#l Water-in-Oil (W/O) =~/ 3 > & H\\ 7= Ca-alginate 7 VR OFHIZFRENEARE L T D, 7, IR
B~ o 7 v i BREO+FIRIT T, TAFUEET R Y U A (Na-alginate) KR OGO 27—l &2 GRS,
AR 176-225 pm, TROZEEMREL (CV ) 2% 3%A D Na-alginate 7K & AR L TV 5. RICTMENICT, H
{bETV T BOKYEHR & FOEIETEAIE T = — 2 B 72 0 W/O =~ L > = v % E3E Na-alginate K IZ/EA S &
TA ARG AR L, WHIEEE 147-176 pm, CV ES 4.2-6.3% 0D EERFE (N 7= Bi43 BL Ca-alginate 7 /LRI % A%
LTW5h. E£72, i WO =~ /v a o OREEMAIRE, HARMBHEESR, WELRE, BIOmENERT Vv
P OREBREICRESEETLIZ LA RAML, BEREHFEEZH LML TN D.

%5 3 % [Functional Janus calcium-alginate hydrogel particles] TiE, 2 B CTilk~<7= FED Janus K7 /URL 155
~OIEHIZHONWTIRARTND. £7, Y TR~ A 7 vl CREET 2 Wi (FesO4) %5 e Na-alginate ZKIEK & &
F 72\ Na-alginate KR OWATIR AL L, WilpH 6 = — % G X Janus 5 Na-alginate 7K % 425 L TV
. RIS, W WO =~ L a o a AEA S W CREME T /R 2 BRI A & U 7o BRIk O LA Janus B4 57 14L
FE/BTVD. FFERC, 2 ¥ERO—FHITHMET R, 7 a0t T/ k-0 A ME 2 @5 & 72 Janus BT
/TS, IO ORI KV, 5% Janus B 5 VR 7 O - [EHRERAERS R STRLSITE RS FTRE 72 &
LEFEFELTND.

%5 4 % [Surface coating on calcium-alginate hydrogel particles] Ti¥, %2 B TR FELZICH L, F k1
REOFHBWBELREL TN D, FF, BT 7 RF250HM WO =<y avia~A 7 aiiiignT
Na-alginate KiFIZ/EH S8 TA AU ZRBZE L, WPET 2 RS R IS 72 B2y # Ca-alginate 7 /WKL 1%
BTND. I OICYRL T PINTIRESIS B2/ 35 2 &, BT /2 RiT & RRICH T 2 k7 F vkl 7-Rif
WCHESELND Z L E2MER L TVND.

% 5 % [Mass production of calcium-alginate hydrogel particles] Tid, HAHT VKO ®EEDBIZIRE L 72 54
PERAT—NT v TR H L Lz, #ilc/z~A 7 afigl LT A 22 RRE LTV D, MiET A AL 4 SO
2y MUK EHZ 5 AT v LA E, v A 7 vt E 280051k L7z polydimethylsiloxane (PDMS) #5F
TORY GO L VR L TWA. R 128 M OWFHRIZ LY, R 370 {8 A pkid B C B AR 83 pm,
CV EDK 5% Bis3 8 Ca-alginate 7 /LRI %25 T 5.

% 6 T ['Microencapsulation of hydrophobic antifouling biocide] TiE, 3EHINELS /LRI T OIER & RFEWEFEAGIZ S
WTHRANTWD. £7, 5§ 2 BTl FiEE W, BUKPEOEREEA] Irgarol 2 N/EL L 72 FHIEE 160 um, CV fH 3.5%
DHSTHL Ca-alginate 7 /VRLFZ LR L TW A, RIT, 155 AVTZIERINGL T VKL A7 & O FEHIES B 2 SR w1
IIEIC L DAE - FHl L, 7 K 5B R EREE L TV D, 61, EArr—XF ) T 7 AN —
Z U URSBRIBRIE 2 [h) B S 72 IRFING S VRL T A2 AR L, IRERPEZ S L TV 5.

% 7 % [Conclusion and outlook] T, AL TEONIZHFIEHREEZRIEL, SH%ORBLEERITNDS.

% 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 purpose and background of this study are described.

In chapter 2, a microfluidic emulsion-based external gelation for preparing highly spherical
calcium-alginate (Ca-alginate) hydrogel particles is studied. It is found that the concentration of
surfactant and fraction of the water phase containing calcium ions in the reactant emulsion phase can
influence the roundness of the obtained hydrogel microbeads. By properly controlling the flow rates,
the optimal condition for generating spherical hydrogel particles was reported.

In chapter 3, the emulsion-based gelation method is used for the production of spherical Janus
Ca-alginate hydrogels with a well-defined boundary between the two compartments. By combining
Fe3;O4 nanoparticles, fluorescent polystyrene nanoparticles, and living mammalian cells, different
kinds of Janus hydrogel beads were prepared. The obtained hydrogel particles had spherical shapes
and the required functionalities.

In chapter 4, the microfluidic emulsion-based external gelation is used for the production of highly
spherical Ca-alginate hydrogel microparticles with controlled coatings on their surfaces. Magnetic
and/or fluorescent surface coatings of Ca-alginate hydrogel particles were demonstrated.

In chapter 5, to improve the production efficiency of Ca-alginate hydrogel particles of the single
droplet generator for practical application in industry, novel microfluidic platforms are studied. The
microfluidic platform consists of a stainless steel module having four slits and a polydimethylsiloxane
(PDMS) chip having paralleled microchannels. By using a device having 128 paralleled channels,
spherical Ca-alginate hydrogel microparticles of an average diameter of 83 um were generated at a
maximum production rate of 370 s™'.

In chapter 6, the environment-friendly hydrophilic encapsulation of a hydrophobic antifouling
biocide in gel beads by applying a microfluidic emulsion-based external gelation is demonstrated.
Antifouling drug Irgarol was encapsulated in spherical Ca-alginate particles of the average diameter of
160 pum. A stable and controlled release was achieved through encapsulation.

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