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Fig. 1 Schematic diagram of the fabrication process of 3D microfluidic chips
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Fig. 2 Flatness of the flow-focusing region (a), measurement results of microchannel width (b) and height (c) in the 3D micro-nano printed mold
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Fig. 3 Flatness of the flow-focusing region (a), measurement results of microchannel width (b) and height (c) in the PDMS plate

22 ETF3ID ARENRKESS

Ry S PR ARG I B vl i A, A B A — U
W ARG, NE 4 iR, ZFR G 4 DA
B, A3 R TR S A | S VIR S | S AR
Pl K i i i R

R B R O S e B k. R
T E SO A, G i e BUR IR S ks, H
t N R RSO S I SR BERR A2 DB, DA
1R R R AR KOE 7 Il A A%, J2 W o 4 o0
it N B 7, I E TR 2 e B, DR TEES
A e R R AR . T T A R ST U B 1Y
TR I A5 08 3 FR 9 B AH [R] Y PDMS A BF 422 1710 1,
A SCR R SRR A BB R JEIS2 5 PDMS
EHEA A . AR, ZE T B AR A S
T R P BT W e A A L, R TR
25 0 T R AR

PO 8 B s B R UL R S(a), BT 45 T8 A7
T PDMS JZ, v i1 L 1 din A8 0 RS AR R R

1—Miicrofluidic module; 2—Solution driving module; 3—Micro-

scopic imaging module; 4—Microcapsule collection module

P4 ol i R A AR ST

Fig. 4 High-throughput generation system of microcapsule



$oil

& Y, A5 ST 3DRIR RS AR BERL U2 TR A R ST 787

200 pumx250 pum, T PR ANV VA A 38 I 1 A T R
oA 150 umx 150 pm, 420 V5 TR i A T8 448 78 T R
510 100 umx100 um, AT ARR RE T, T 8 R
B WO L W G T P T — B NRLIE R
i IE B0, G2 AR AL S — I, A AL 1k i L
5]V A VA R TR N YRR Ao U TR NGB s S — T
T, P 2% fife T8 56 2 A7 3 A v ml B 7= A 1 R U8 B,
AT A AR SH o A 2 A ot AR A 5 o e i
(8 R = 2 32 3 T8 25 4 RS e, i ek 2L VR I K U5
Bl U R H 52 e w] 28 AT, DR, i 2LV
B A A I

AR SR FH L 29 5 £ 235 F) B A 42 3 3 A Ao

oil
" Alginate solution

- Core solution

(©

T, A48 R A B SO e AR B R /N B R LA 7 R
FHE L FREdl. aE 50b). S(c) FioR, R HES A
o, TN T R S8 A I L VORI e ) 3 E Y
43 TBORH T A% e 955 2 A V5 RN A% T 9 ) SR A 31 2 3
TE R 7 g 8 B i AL ), T Plateau-Rayleigh
ANFRE PR, B4 B I LR L U B IR AR A M b B R
3 T AL A, A JF R B e O B R R /N B — I O
T o BN TRV PN SR A ST G R, T TR N S TR AL
FHNE, BRI TINE . O 3R Z I LE 5(d)
JIE 7, 22 i R A VS A5 T L 1 A S T Rl
S R A B SR BN, T B R R S K S, A
M B EAT R e 45 h0 R T e e

‘:‘ Glass substrate
. Alginate solution

. Core solution

[]oi

500 um

(d

Bl 5 BOAAE A (a) s WA AT (b) WA IR T (o) M4 (d) A<l

Fig. 5 Schematic diagram of the microfluidic chip (a), droplet generation cross-section (b), droplet generation (c) and microcapsules (d)

BUA BT, T (RO 38 AR A Bl 485 3
HOR F G A b T e N i A I A i o A I Y s
T, WA SORs Sl 48 A (8 B A A Je e, 9F GES
FrB NI A R A A E . A TEL S(b) BR, i
T H IR U 2 b5 A Z /i, A E A A
R R LSRR 2 0 4 T v 0, AT PR A% e
LR 2 — 1k, G BT R B AP T R AN B —
(g Tt o {51 e 7 i A ) Do 4 3 SR 3t DA
HH A A S AT P AT K A KRS, 4 e
J LR R E M TR

N 1A A A T 5 T TR L, T IR SR R
FH RS JEE T S, R 608 22 U8 0 T o 2% 288 3 4 LA

TR A R A AR AR Fr o O T X U R AR
PGt R AT S W, S OSSR R R T AL S
T ARBL R I RS 1o Sl TR B A AL AT 52 i S B Tl e
Az G AR T I MR, IR G 1% i =L, D
6T 0 OB 8 2B B R A TS S A . R T ORIE
S5 2ok R v A TS P RO BE AR A R A
30 mL DEME/F12 }% 3% 3 19 50 mLAE A e £ T e 42
3 2o AR I R S AR O R i D O S e AR 4
TRV T 7 R TR i T 3 T L SR SRR A8 PN I B 1) B[]
DV 3 TR AN VS TR S S o0 R Ak S L T
TR A P THE 5 TR T T I 0, i % P L T
Ak



788 R BT R 2 2 R CH SRR 22 D

551 4%

8 U A R e s B, R RT E
AT IR 3 A LS5, S5 TP RO I R A B 40 1) 40,
60. 80, 100, 120 uL/h, BFE L A 120 pl/h, M
A 1500 uL/h, SESGAEVK FISCEES 22, U HE 30 min
Jo U e A SR DT BRI . BT, RS TR A5 T
MY LB W, I A0 A I U AR T e I AR
W4y B ok, Z 5 R 3R 3 DMEM/F12 Mk, L2
BRATAR 5% B 00 i FLIR . B, B R 5 % 2
B e TS . AT AT L o H IR
OBZN N NI
23 MRERMTEHIES W

Sk I A 0 A R G AR B I R,
HH R A A R B AR A3 A RO S 0 ROSE 3 — 1k, ]
rh H AR 5 22 %0 (Coefficient of Variation, CV) $&iiF iR
g5ie, CV AR

cv = % x 100% (1)

Hrp, o FORPREZ, w Fm I,

AN TRIAZ Ao V5 Y 8 A 8 1) TS 2 N 141 6(a) T
71N Bt A0 VA VTG S ) /)N, TS 0 PR AR 22 B AH
N R, AN AR AR /N o — 25 SR R O
VES VBL TR A5 A T A A 1) PN MR B AT G oy
Br, 5 F A 6(b) T, T LA 38 SR RS 8 4 AR 7E
220~250 pum 2 8], H AR R SE 50000 1 Ui 5 1
IERMEAH I OC R . SCI B e 1, U 8 4% R

T2 I A 2 R RS, A% O RST AT 2
PR O WO A TR

R T VAR R G Y O B A R A, X S R A
VTR E (40, 60, 80, 100, 120 pL/h) A= Al Y iU
P NFE RN 1 53 A0 B AT G v o BT, et 2 AR
WAL 7 FrR o A% OB A 120 pL/h A B O
PR IMBIIE K 234.96 um, 728 5 R ECH 1.79%, iz
BIE R 184.67 um, AN RECH 1.79%:; U HSBA
A 100 pL/h A2 B TR B Y A MR B A 238.91 pm,
AR5t R KON 1.88%, WARIIME N 175.53 pm, AN A 5
BN 1.32%; B0V W 7 R 80 pL/h A B 1) U
FERYIMRIIE K 230.88 pum, 728 5 R BN 2.15%, iz
PIE A 165.72 pum, MRS RECH 1.51%:; 0 HSIR
A 60 uL/h AR R TR 28 9 SR 34 4E Dy 238.53 pm,
AR5t R BN 2.32%, WARRIE R 155.52 pm, AN A% 5
FREHN 1.28%; %00 B W N 40 pL/h A A T e
PERIMRIIE R 227.29 pum, ZEF R BN 2.23%, N2
BIE R 144.61 pm, FHNAS 5 RECH 1.68%. 7E 5 F
AN TR A% U Vs R TR T % 1) ol 0 A Bl v,
HME RS B RAE S R ECR 2.32%, AR IRH IRk
AR5 BN 1.79%, HH b B A 5T 2633 fhdigz RsH Y
75 S ZKGE H N 3.88%~5.17%, AR RS 1728 5 R4
WH R 7.69%~10.23%, A SCHTHE 1 7R 40 AR L IR
WEAE P AR ST Ty T 26 PR HE O o ) — B, AR
S —1E . BEAh, LR GEAE 1 min A2 B TR %

120 pL/h

100 pL/h

260 [ = — Outer diameter
© —Inner diameter

180 |
160 |

NN
[
S

Diameter/um
S
(=)

140 |

80 uL/h

60 uL/h

40 60

100 120

Flow rate of core solution/(uL-h™")

B 6 AN TR Loy W U o A A TR (a) B LA AMESETTHIAT (b)

Fig. 6 Microcapsules generated with different core solution flow rates(a) and statistical distribution of inner/outer diameters(b)
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A 3D Microfluidic-Based Hydrogel Microcapsule
Fabrication System

JIN Cong', ZHAO Xusheng?, GUO Jiahao!, OUYANG Liming?, JIANG Guojun', GU Zhen', WANG Huifeng!
(1. School of Information Science and Engineering; 2. School of Biotechnology, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: To meet the demand for hydrogel microcapsule fabrication, this study aimed to develop a high-
throughput system based on a 3D microfluidic chip for producing core-shell microcapsules. The system uses 3D micro-/
nano- printing technology, which offers fast prototyping, low cost, and high precision. This method enables precise
control over the structure of the microcapsules. The system includes a droplet microfluidic chip with 3D
microstructures, which are fabricated using a dual-layer sheath flow strategy to generate the microcapsules.
Experimental results show that the flow-focusing region on the inner bottom surface of the 3D micro-/nano-printed
mold has a flatness of 4.65 um, and the dimensional errors in the three-phase channels are always less than 2 pm.
Similarly, the PDMS plate holding the microchannels shows a flatness of 4.81 um. The channel dimensional errors in
the PDMS plate are also within 2 um. These results indicate that both the mold and the PDMS plate possess high
flatness and accuracy, meeting the technical requirements for making microcapsules. Microcapsules with different inner
diameters were prepared by changing the flow rate of the core solution (40, 60, 80, 100, 120 pL/h), while the outer
diameter remained nearly constant. The microcapsules produced by the system have a very low coefficient of variation
(CV<3%) for both outer and inner diameters, showing that the capsules are very uniform in size. Finally, cell culture
tests were done to evaluate the biocompatibility and functionality of the microcapsules. A549 cells showed clear growth
and clustering after two days of culture inside the microcapsules, confirming that the microcapsules from this system
support cell growth well. These results suggest that the system has great potential for large-scale applications in
biomedical fields.
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(FrAE% 4. F4H)


https://doi.org/10.1039/c3lc50678a
https://doi.org/10.1039/D3LC00251A
https://doi.org/10.1038/s43586-023-00212-3
https://doi.org/10.1038/s43586-023-00212-3
https://doi.org/10.1002/adfm.202316017
https://doi.org/10.1021/acsnano.7b00824

	1 实验部分
	1.1 试剂与仪器
	1.2 微流控芯片的设计
	1.3 溶液制备
	1.4 3D微流控芯片的制作
	1.5 微胶囊图像分析
	1.6 微胶囊内细胞染色

	2 结果与讨论
	2.1 3D微纳打印模具
	2.2 基于3D微流控的微胶囊制备
	2.3 微胶囊表征数据分析
	2.4 微胶囊3D细胞培养

	3 结束语
	参考文献

