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(a)—T-channel structure; (b)—flow focusing structure; (c¢)—coaxial flow focusing structure.
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(a)—T-junction where the continuous and dispersed phase fluid meet perpendicularly (§=90") ; (b)—T-junction in which
the two fluids intersect at an angle ¢ (0°<<0 <<90°) ; (¢)—head-on geometry (§=180°) ; (d)—Y-shaped junction with
intersection angle of 0(0°<C4<C180°) ; (e )—double T-junction with droplet pairs generated at the same location ; (f)—do-
uble T-junction that produces droplet pairs at separated parallel T-junctions; (g)—K-junction; (h)—V-junction.
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Figure 2 Design principle of T-shaped runner from simple to complex
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Figure 3 Experimental images of drop breakup
sequences occurring inside the fl ow-
focusing orifice
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Figure 4 The glass microfluidic device designed to
make double emulsions
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Differences and connections between droplet
generation structures
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(a)—solid microsphere structure; (b)—1Janus microparticles; (c¢)—core-shell microspheres; (d)—porous

microspheres; (e)—irregular microparticles.
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Figure 5 Microfluidic particles with various structures

2.1 Bk AN g A

fii T 75038 T8 25 K U 3l 3R £ 4 A R Ayl R A
25 b i 2% 1 B A BCFLRE T L T ASRIRE T
FETH BE 1 5 /MU T R FEBRIE | 3 3 888 [ s A~ ZL , mf
DAAS 21 R R A W B sl 38 IR SR G W I 45 AL SR A
Tl R o B i, AT R IR RS R
SRS T B AN /s I = W AN BT I DA = =3 3 =
DI 6 R 47 i 50 B0 SORE 7 25 10 4% 33 R 40 i 40 B 4
AW BESN A EEEEE RAMER . B0 8% 4
TP AR i £ 1) 2R A ek sl A T, LR R
AW G A RN 25 25 2R AR BE B 2 ) R R0 AR TR 2 Y
A A 25 e A AR DT fif L AT DL SR TE b Ok 24
Pt B A B A B st AR SE I v RT3 40 A 4R
HEA Py AH 25 M 1 3D IR B, X REAS AT DL AR 37 240 g
5 5 S R B3 ) Ao s it AR A4 45 240 A e 5% 19 78 2 K
Gy VRERUE FRY R BE 2 O S P9 R B o 4
A ) R, b 2 A R R R 1) T 2 M R s R AR R
] Bt A28 T A A AR R B R oA . B 6k
FH A B LA 0T I 1 30 1% T R M ) A A

Agarose solution 2

(=37 C (Coprn)
; 0,

) )O+0,=const
@)
(c D =2 C

DO ®

El6 ABTFEERTETEMENIRASERER
MigREEE =R
Figure 6 Schematic diagram of the microfluidic
device used to generate agarose
microgels with tunable elasticity
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Figure 7 Fluorescence optical microscopy images of

agarose microgels encapsulating R1 and
YC5-YFP-NEO mES cells in HBSS buffer
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(a)—illustration of Janus particle synthesis in a flow-focusing microfluidic device; (bh)—DIC and corresponding fluorescence
(insert) images of magnetic Janus particles generated by co-flow of polymers containing magnetic nanoparticles and rhodamine
B; (¢)—SEM and DIC images of dried Janus particles.

8 Janus 7K 5% B B R Y B 4R 381
Figure 8 Self-assembly of Janus hydrogel particles
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(a)—glass capillary microfluidic device for preparation of thin-shell thiol-ene double emulsion drops; (b)—general scheme

for the production of uniform thiol-ene networks; (c¢)—optical microscope images of monodisperse double emulsion drops

produced; (d)—low magnification scanning electron microscope images of dried microcapsules; (e)—high magnification

scanning electron microscope images of dried microcapsules.
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Figure 9 Microcapsules with tunable encapsulation, degradation and thermal properties by utilizing thiol-enes
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(a)—schematic illustration of capillary microfluidic device generating double emulsions with rod-like electrodes; (b)—po-
lymerization with position-indexed photonic crystal cores Barcoding; (¢)—using the same core composition, the particles
generate different codes; (d)—the oil phase selectively injected into the microfluidics generates different kinds of barcodes.
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Figure 10 Microcapsules with multiple core components as rod-like photonic crystal barcodes
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(a)—in situ precipitation methods; (b)—ex situ precipitation methods; (c¢)—details of droplet extraction and precipitation
mechanism of polymer solutions.
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Figure 11 Schematic illustration of the preparation of NaPSS particles by microemulsion and solvent extraction



528

MRIBFTR SR 2024 4F55 18 555 4 A

50 pm

(a)—TTHE B 78 5% (1 NaPSS ks i1 06 10 5 (b)— I8 $2 B0 s 18] 3 31 K 2 T 465 440 110 0\ 2 8 A B 11 4% 5
() FN(d)—E 45 5 Bt 50 82 2. 5% A9 NaPSS kL AL K 8 P A UTHE 5 (e)—CNaPSS kL 9 2 1 ; (1) —CNa-
PSS Wk (5 4350 2. 5% ) 19 SEM EI% 5 (g)—CNaPSS Wik (JFi & 43 %0 5% ) B9 SEM EUSG ; (h)—W i B4 ik

JEE OB 20 501090 ) AR A5 B9 GOk i A AR 45 44

(a)—precipitated 5 wt% NaPSS particles showing smooth particle surface; (b)—time series of droplet ext-raction,

together with Optical microscope images; (c¢,d)—NaPSS particles precipitated from a 2. 5 wt% aqueous solution be-
fore and after compression; (e) surface; (f)—SEM images(CNaPSS, 2.5 wt%);(g) —SEM images(CNaPSS,
5 wt%); (h) internal structure of microparticles obtained from initial polymer concentration(CNaPSS, 10 wt%).
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Figure 12 Optical and SEM images of NaPSS particles prepared by solvent extraction
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(a)—schematic illustration of the coupling of microfluidic emulsification with the cross-linking reaction

process between alginate and CaCl, solutions; (b) from spherical sodium alginate solution droplets form

tail-shaped calcium alginate particles.
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Figure 13 Synthesis of teardrop-shaped or tail-shaped alginate microparticles
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Figure 14 Selective solidification of Janus-type emulsion droplets yields crescent-shaped microparticles
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Table2 Properties and applications of microdroplets with different structures
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Figure 15 Application of droplet microfluidics
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Figure 16 Application of droplet microfluidics in drug encapsulation
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Figure 17 Application of droplet microfluidics in controlled drug release
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Table 4 Application of droplet microfluidic technology in drug research and development
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Abstract: Monodisperse drug-loaded sustained-release microspheres, as an innovative drug release system, have become a
focal point in the research of sustained-release pharmaceutical formulations. However, the traditional preparation methods often
result in microspheres with uneven sizes, broad particle size distributions, low drug loading capacities, and unclear sustained-
release effects, significantly limiting their applications. Droplet microfluidics is an advanced fabrication technique that utilizes
microchannel structures on chips to precisely control fluids at the microscale, enabling high-throughput production of
microdroplets with tunable sizes and structures. Serving as carriers for microdroplet technology, microfluidic chips can be made
from various materials and through different fabrication processes to accommodate diverse solvents, thus broadening their
applications. Microdroplets produced via microfluidic technology are characterized by their small volume, uniform size,
enclosed environment, and internal stability, and can form microspheres with specific structures and functions. This has great
potential in fields such as nanomaterials, pharmaceutical engineering, and life sciences. Compared to traditional microsphere
preparation methods, droplet microfluidics not only facilitates the creation of microspheres in various shapes but also provides
excellent templates that enhance and diversify the applications of microspheres. This paper reviews the scientific principles and
application examples of microdroplet generation, including the mechanisms of microdroplet formation and channel design (such
as T-junction, flow focusing, and coaxial flow methods). It also categorizes microspheres with different structural
morphologies and specific functions (solid microspheres, Janus particles, core-shell structures, porous structures, and irregular
structures) and highlights their applications in drug development. The current status and progress of microdroplet technology
research are outlined, and constructive suggestions and future research directions are proposed.

Keywords: microfluidics; droplet actuation; microfluidic structures; microdroplets; multiple emulsions; microsphere preparation;

drug microspheres;drug delivery
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