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Microfluidic spinning technology and flexible wearable

application of multi-structure microfluidic fiber

ZHANG Bo, HUXili', QU Lijun’
(College of Textiles and Clothing, Qingdao University, Qingdao 266071, China)

Abstract: Microfluidic spinning technology combines the advantages of microfluidic technology and spinning
technology, and can design and fabricate complex microfibers that are difficult to be realized by conventional
spinning technology. Through the precise regulation of micro-scale fluid flow and the use of laminar flow
characteristics of the fluid in the micro-channel, microfluidic spinning technology has a wide range of applications
in biomedicine, flexible electronics, analytical chemistry and other fields. In this paper, the spinning device and
curing mechanism of microfluidic spinning technology are systematically introduced, and the preparation
methods, structural characteristics and applications of multi-structure fibers such as solid/porous fiber,
hollow/core-shell fiber, Janus/two-component/multi-component fiber, spindle fiber and spiral fiber are reviewed.
Finally, the advantages and disadvantages of microfluidic spinning technology in the preparation of microfibers are
analyzed, and the application prospect of microfluidic spinning technology is forecasted.
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Fig.3 Schematic diagram of curing principle of microfluidic controlled standby fiber®: (a) Photopolymerization; (b) Chemical crosslinking;

(c) Ionic crosslinking; (d) Solvent exchange; (e) Non-solvent induced phase separation; (f) Solvent vaporing
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Fig.6 (a) Schematic diagram of biomimetic multi-component carbon nanotube microfibers for supercapacitors'*”; (b) Liquid metal (LM)-integrated

microfiber preparation device and process and diagrams of hollow and LM-integrated microfibers generated'*”; (c) Preparation mechanism and

application of nickel oxide/graphene porous core-shell fibers!*”; (d) Fabrication of carbon nanotubule-alginate fibers and microfluidic spinning devices'"!
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Fig.7 (a) Preparation and SEM images of Janus double-layer hydrogel fiber™; (b) Customization of all-cellulose graded sponge-aerogel fibers (CGFs)

through a flow-assisted dynamic dual-cross-linking strategy®; (c) Schematic of the coaxial laminar flow microfluidic spinning device and SEM image of

the cross-section of the hydrogel fiber
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Fig.8 (a) Schematic of preparation of calcium alginate fusion-bonded fibers®™; (b) Bionic spindle junction microfibers manufactured by water vapor

microfluidic method"®; (c) Schematic drawings of capillary microfluidic systems for the manufacture of fusion-junction microfibers and

their fog-trapping and heat-triggered water collection properties

A WETTE, AT S5 ER 53 1Y 2R T L £F 4 FL A S o 4 RS
M2, DS SR T K K3 ), dniEl 8(b)
Jli7~ o Shang S E T —Fh g N . L Ah =3B
o3 4 TRk T A O AR T R AN K
W CaCly Fric 19 AT ' [ 1 3 5 1 75 W 53 53] LA AR
[] (149 7 1) 258 A\ PN R0 e () 6 4 487 1 1B S 41 4 o
Wil Je E N AN EB A, £ 4 3% T TR A v W ek LAk
I 105 0% BRI HE B A £ 4 B, 24 AN I I A Y BY
Y1775 £ 4 3R T W sk 7138 B, W00 722 1
gkt , fxa gt SAMG R B RTE AR 2 1 Y
BRRZTAE . 9250 N D138 I B o TR S I v T DA SE
P ARG HE . Rl R oK I R S T RE,
% 8(c) fr 7 o fEBLFERY |, Shang 219 il 45 i B

[55]

A 25 e 45 R e 6 R ) AR AR A AR R AT 4
WAl SEEl EiRIRE, hoORHLAR R T Ak SRR AF
A 1o I L o
3.5 BRRALREZURFHNA

PR E 45 F 2 H AR T A AE I —FOE AR,
FOULA I L2 A R = B fHOU Y DNA 4%,
HERTE 45 A8 LA HL M R Y = 4R A i AR PR RE L B
R B ARG ) S IE gz — . FH 8 TE 4
P = 4 a] b PR RO AR 10 A2 PR fg 48 5E 241 4
FLAT B vy 0 W 2R SR A i st AT I
21 YR R N AR AR IR Be, H RN TR
Brenrgpa it . oAb, EEELE A AT LI A
RISy iz g, PRI o G = D) e R R, 12



EEMRER

£ 2546 -

JHE£T 4 ] LAAE Ay el o B ST A B OB BL ARV BIRAT  ZF 4T R 0 IR T 2 fid R s b Y TE

aro SR, TEG/ANK RUEE | i 43X B 52 2% 1) 1 e IF T T 0 WLAR MW 1 48 s i o 80 Z I

EAEATIOR R — PR, TR A% 97 22 B3R I 2 fik e AW, Yu 5P g T — ol B 1 5 L MR S AT

B IR] —Fh 7% 4k, anl&l 9(b) Frzn o EHE 1-£ Hk-3-HT BBk Y 35
2017 4, Yu 5504 R RS E LR L IRNEY) R ER 1Y T ol B R R AR RS U, R RV R AE

REM TR B A0 OR P B, sl 9(a) Fras . 24 N, N-Z W Bk BT B i (DMF) b i1 28 i — 9] & 46

DAY S TEF 958 R B VB0 I TE A B CaCl, VW TP N,
Jok A TERE , e AR R B AL AT 4,

TR A 5 LT B O 22 () A S A ) I TR EE 4
JJFLF AT AR HEAR M AL o fy T A n] LA S
YT R RS B R R, DR R Gl 2T A R RE
ELASFR B 2 AT AR Y . MATIR AR R T IR E IR

(PVDF) 1E R 8 3t o 7 [l 6 20 48 oo 08 o
EES 28y = ,”F(uu/\j&%%¥7kl|5£%{*ﬁ
Wi, DMF 52 8 FoK R A5 R v, e &b IE
7] Bl 5 L R A %um'm@m%{m&,
B WA AT D 5E 36 b R A B B AE PVDE B, B
EA M EAT ., T & TR EA

@ )CaCI solution

contraction relaxing

2N

1V_

ardiomyocytesl TCardiomyocy&es

Na-alginate solution

IW\

Response

Recovery

i -

(©)

Inner phase

Outer phase L
CH,OH
N «(— CH,—— cn*]- -{- CH, == CH, -]—[— CH, = CH+
OH H H J” | n x | ¥y
H NHCOCH: OH OH
PVA EVOH
A K A A S |
{_{ i 0= PEG= O’ NH— u-'m)' NH 0= DMBA— O NH= IPDI ( NH NH™ IPDI'
2 9
PUU3-12

e LWL
A

200 um

100 pm

1.08
106
< 1.04
102
1.00

1.08
1.06
< 1.04
102 {
1.00

1.20
LIS

Bending angle Bending angle
ww

ﬂNUUU\M

3456789
Time/s

80°, 120°
N‘A‘ \ Y

éowu N
A \M‘ \l

< 110t/
Ml

NN

03 6 9 121518212427
Time/s

1.05

VUUguy v
1.00
0 5 10 15 20 25 30 35
Time/s

R

JVYV

(d)  cacl, solution

Sleeve

Amplitude (D,)

Linear diameter (D)

| Helical pitch (P}

500 pm

h— 4

d—Diameter; [—Length; A—Amplitude; 1—Wavelength; CCS— Carboxylated chitosan; PVA—Polyvinyl alcohol; EVOH—Ethylene-vinyl alcohol

copolymer; PUU3-12—Amphiphilic linear polyurethane-urea; «, 8, y—Angle; Ry—Initial resistance of the sensor; R—Resistance during stretching

JHET,

P9 (a) il RRBELT 4 4 RVl B A0 A Dot 152

(b) ot il i Ay T 2 M 8 07 £ AR SR ) 7% TR B0 25 e A i Sl g L e 38
(d%?¢ﬁ%%%ﬁﬁﬁﬁﬁm{% Mmﬁ e 11 R T B

[531

(d) FoA )2 MR e T e D 2T 2 i e /s ™)

Fig.9 (a) Coaxial capillary microfluidic device for helical fiber preparation and its application®”; (b) Schematic diagram of bionic micro-springs for

flexible electrons built by microflow control and conductivity response to various human movements®; (c) Schematic diagram of a capillary microfluidic

device for generating polymer helical microfibers™

; (d) Schematic diagram of microfluidic device with sleeve layer and spiral microfiber manufacturing

[60]
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