[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) OO00O000O0DLbOO0DOO0DOOoooooooooooooon
Title(English) Integration of step emulsification and deterministic lateral displacement

for advanced droplet and particle processing

oo@a) OO0
Author(English) JI Guangchong
oo@a) O0:00@0),
oOooooo:0oo0ooa,
Oooo:0oso,
O00000:20240 120 310,
ooooo:0o0o0a,
OO00:00 00,00 00,00 00,00 00,00 O
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Institute of Science Tokyo,
Report number:[J 00 807,

Conferred date:2024/12/31,

Degree Type:Course doctor,

Examiner:,,,,

oooo@oD) oooo
Category(English) Doctoral Thesis

oo@o) oooo

Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(f-3RER)

Doctoral Program
=2\ =
A j( % =]

THESIS SUMMARY

Foea—R Btk F FRE L (50« 1t ( T2 )
Deprtment of, Graduste major in %ﬁjﬁ a— XA Academic Degree Requested Doctor of a

L . e = .

FARKA = i FEHEBFAE Fa

Student’ s Name Chief Examiner

g (Fisr 2000 FRRE)

Thesis Summary (approx.2000 Japanese Characters )

AFHSCIL, Tntegration of step emulsification and deterministic lateral displacement for advanced droplet and particle
processing] CREL, &7 ENOLHERINTND.

% 1 % [ntroduction] TIX, ~A 7 il % HWICiREORF QLI O & BRI OV TR, B
ZERE & R RN AR A W CTRIGZ BT 2 A7 v 74k (SB) 1EL, STHERSIE VTR % 4 X8
& 47BES % Deterministic Lateral Displacement (DLD) {EIZOWTHBLL T\ 5. 20 LT, KX T LT
W A RIE & RLT- oy BEIEZ S LU, SEIEDRIERM TH DY 7 7 A M D53 BN O 8 A%, 7 VR T4E
B, WO EIL, £ U CEERA T —AT v PR DB FEO G ER BN A RE L, € OERMEZ FEE
THZELEAME LTS,

% 2 # [Separation of main and satellite droplets] CTi, SEJEDRIERM TH DT T4 MEOSBEZ BRI,
SE / AT LA O Tl DLD WS A BLE L727 A A2 R_EL TV 5. 60 OB SE / X)L (RS 16 pm)
& 16x280 A DLD A (RE 91 um, BEERR 37 um) 2ROV Y a— 2 RIERT S A 2ERLL, £k &
ke (O/W) DB CEHEE 58 um, CV 1 2.8%) &HT 54 M CEHEE 3 um, CV E
25.9%) DFEENEEEFEIEL TWD. 512, EIN SN EMICOEEALIZITV, FHEEE 55 um, CV H 2.9%
DEGET 7 VR TE2/S TN D.

% 3 % [Post-formation fluorescent labeling of main droplets| “Ci%, SE & TARK L7-#&H 2 DLD % Tt
HRERAE A G D FEERBELCOND. TS AD LD SE J AVT LA > TR E= LT va—iL

(PVA) JK¥EHE & T/ bt (AR 300 nm) D4R &2 WAT S8, FEEE 50 pm O B3 BRI T
SR 2D IAE 7251 DLD g 2 BT S8, SOEEA M 5 SN i 4 PVA KIS T, 1R
LTW5. EHILERICEY, FHERE 4T um OBEGHEOET 7 V VKR 2 G T 5. SRS L EF
PEASEE TR L, w0y KT AN SORL T ORE TR < IV IAEN TWDH Z L AR L TV S,

% 4 % [In-situ external gelation for alginate hydrogel particle synthesis] Ti%, DLD BN ORMTHLE 2 H\ =7
NF TN T A (Caalginate) 7 /VRIF O LWAEBIEAREL TS, £7, 75 2D RRICHRITZ3
@ SE / AT, FHEER 68 um DT /X UEEF ~ U v A (Na-alginate) 7KIEK D725 iz 4 LA ERH
(ZAER L, FUfod> DLD Wil Tl b 2L o o SORESIR & FUEIEERIE A 22— 2l 5 72 £ Water-in-Oil (W/O)
T/l =3 Z%F LT Na-alginate =i 2 FHMT S & TA AV ZEZE L, EHERE 66 um @ Ca-alginate 7 /LR 1-
EARLTWD., &5, TiLbO Ca-alginate 7 /VHEL T 54 LA VRO S 80 wt% 7 U & 7 — /LIKIRIR D
TAVE TRUT S, WIREHR A FEIEL T\ 5.

% 5 % [Mitigation of droplet accumulation through pillar-assisted nozzle design] “Tl%, SE / RV T O O
W &G — 2 MT 28 LW 2R LTV D, fERIL7ZT /N1 2T 100 KD SE / ALT LA &, %
AVETNMNELZT S DLD Jiei& D DAL S 41, AZpk L7 EHEAR 53 pm O @A/ ZVIEEICRE £ 53, ik
L2 DLD SCHERLSNZ I > TRHT L, SE / AT LA L FOHMAI OIS MBE I Z I SO HF 2R L T D,
¥72, DLD SUAEFHIZMARELE L 72& BT A 2%, SE / AV CAR LIz El 4 L B— 1My
MIFDHZELEFET LTS,

% 6 & [Scalable droplet processing via module parallelization] “Ci%, SE % & DLD {EZ A U CAEEREITIZISH

TOHROHETHLEERARAT— VT v T B BN E LIEHT 5T S AEREL TS, ZOT /A R
FEE LD, TRIZSE / A/ 1000 f & DLD ¥l 10 &, FBICAMEICHE KK LN T D700
U —NEHLZ TS, 7, 3K I 2 b—2a TP RN IR REICE 2 2 22 %5 L,
S HIZ Y=L DLD W OWAREIET VIS E, MEHORRSERELLAHEEL T D, EBRTIT,
BT T4 Mz ZEEIIRE LI EHERE 66 pm, CV E 2.2%0 F{# % FILER 99.6% TR L, HERDOIETFI L
ED 15 FOEPEREZERLL TV D.

% 7 % [Conclusion and outlook] Ti¥, A THOLNIREEZRIGEL, SHBOEEEZIBTND.

%« FSCE R IE, 32000 57 & 383 300 5% 1HBF ORI 27, & L <133 B800 74 1 ##H L TS E &y,
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In Chapter 1, the background and objectives of the thesis are outlined.

Chapter 2 presents the integration of deterministic lateral displacement (DLD) micropilar arrays
with a cross-flowing step emulsifier for the production of highly monodisperse, satellite-free droplets
and polymeric particles. Main droplets and satellite droplets were generated, and the main droplets
were separated with 100% purity using downstream DLD micropillars.

Chapter 3 introduces a straightforward method for producing fluorescent polymeric microspheres
using DLD micropillar arrays, without the need for off-chip washing. Fluorescent nanoparticles
flowed along the sidewall, enabling on-chip functionalization of precursor droplets during their
migration through the DLD array. This method provides a simple and efficient protocol for fluorescent
labeling, leveraging on-chip functionalization and separation.

Chapter 4 reports an on-chip approach for producing pure calcium-alginate hydrogel particles
using DLD micropillar arrays. Sodium-alginate droplets underwent in-situ external gelation in a
CaCl, emulsion. Although the hydrogel particles were polydisperse, this study offers a simple method
for producing pure alginate hydrogel particles through on-chip reactions in DLD micropillar arrays,
utilizing a single microfluidic device.

Chapter 5 demonstrates an approach to prevent droplet accumulation near the ends of step-
emulsification nozzles by displacing the main droplets toward the sidewall. The main droplets were
effectively moved across the DLD array immediately after formation, addressing the issues of droplet
accumulation and coalescence.

Chapter 6 proposes a novel method to enhance the generation and yield of satellite-free droplets
by using a parallel configuration that integrates step emulsification with DLD for droplet formation
and separation. This approach increased the production rate to 3.0 mL/h, a significant improvement

over the 0.2 mL/h achieved with a single-module device.
In Chapter 7, this study’s conclusion and future outlook are summarized.
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