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Fig.1 Schematic illustration of CaAlg hollow microfiber preparation by microfluidic with oil phase as isolation layer
(a): schematic diagram of coagulation bath; (b): schematic illustration of microfluidic device for jet template
generation; (c,d): schematic diagram of the formation process of CaAlg hollow microfibers;(c): NaAlg coaxial jet

formed in the oil phase isolation layer; (d): diffusion of Ca?* to form CaAlg hollow microfibers
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A4S (CaCly): Arprdl, BB Rt b TR s 84 1. 95%, Vb & R HS 2
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121 HiRkRWHEE: BETA 0.2%g/cmd 73 HU L 1H 1%g/cm3CMC R AE N N AHE R, 7
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B2 T RGE S U P A AR R S .
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M, FHRESMSRENGEREBRREZEEm, BEARE., Fib, #dRERERE
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AN AR, 15 B AE 05 AE B A TR KA s S U AR A KR I S L

(4) BE KW EEE, EEDE (3, BEAAFWEEEMIIMHRERZFET, 5
T BT D
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Fig.2 State of the fluid in the oil phase isolation layer under different distances

(2):Qo=400 pnL/min; (b): Qo=1000 uL/min
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Fig.3 Effect of Q; and Q, on the formation of jets (u=0 r/min)
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Fig.4 Effect of collection speed on the state of jet (L=2 mm)

22 HOEREBREKEREXN CaAlg PEAG LS MM

CaAlg =45 2F 4k ty 5 I 2 A A2 Bk [ 9 Th 22 R A5 21, BRIt 2R 4B 45 iy 2 30 0 55 e
W] VR T R, P A R A M AT R I S . AR R D 10 r/min, A AR R IR 23 )
4 1000 pL/min A1 60 pL/min B, FF 25 2F 4 45 R B H 10 5 8 [ % 9 BE 3 /9 48 4k i Fig.s
BT 7R« Fig.5(a)h 7o € 3% B 3 4 v 22 B J5 1 CaAlg &E I, A 630 43 v 73 B4 S £ ) CMC
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B, oS 28 4k A 45 (Do) FI N 45 (D) B 2 46 T Fig.5(D) AT 7k, 41 4k (¥ 41 45 06 0os /) T 1 43 366
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Fig.5 Effect of the distance between the outlet and coagulation bath (L) on the diameter of
CaAlg hollow microfibers
(a): optical images of jets and CaAlg hollow microfibers; (b): effects of L on D; and D, of
CaAlg hollow microfibers
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MRS FRET 2. TRk Bl w70y 2 AL ER 7 181 AR X 48 K 3t 3
AN ] ¥ A OO B R X A UL Bl R W R S R 97 2 BT IR 9T 4 ) B g S AR R
M & [ iy b 1 3 ) ] DR IR R i 2 W3 i 22 ARG e i i b, 97 L AR AT — Rl L,
Rammiishefes HESKM, RERRILE EEM S AAFZSAEZRNRES
B, ABERS AR RS LK T, 97 E& S8 BN RS KRS Y &%,
M M3 Se Ve T RE P 5 R R . BT BL B, X R A R S AT o,
LRAE AR B WA CMC ¥ T B 25 JiE A0 A0 A NaAlg VA BB B eI e J2 . 78
i g LR T, AR VR OR F VR VBOIR S 5 T AR AR T BUR A S B L B AR O BEIRCIR 3 . TR
73k CaAlg 4% £F 45 1) N 42 M1 AR A2 3 47 23 B 500 .
SRR ARER SRE R ICERZAAILE, A rseIa4em sl &, Bk, &
A7 BA AT 4R T T BT Dy SR VAT B e 4 B o SR A A R R R A B E AR (d) O 0.09 m, R4 K
(1) 13 3% 3 (n) 5 9 i 2 B (W) 5O &R, 45 0 Tab.1 fi s
u=nnd (1)

Tab.1 Relationship between rotation speed and final speed

n/(remin-t) u/(mest
10 0.0471
20 0.0942
30 0.1414
40 0.1885
50 0.2356

(1) a4 N A2 (Di): CaAlg T e 4e 2 & 7 h WA CMC I WUE B, 1
H &L, CMC A KB R N, REFEBCRE, p NH L, HIAEEERT A
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A0 V) A R B (Q)AH A, B
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P FH 5O DR 5 B AR R, IR

Q=%n&ﬁ (3)
o AT %0
D, = fL (4)
—T1u
4

Xd: Q—WHERM AR E, mds; Di— T 4ERHNE, m: u— M S 7K &%
W, mls.

(2) Y HME (Do): H L 4E (1 52038 40 9 CaAlg K EER, fEM &R,
NaAlg 7K % ¥ 55 &t [ 1) Ca2 kA X Bk IR B A8 CaAlg /K &t , I 72 47 /5 #4 & 4% i
M ELE, FNEEAHTERN, HOHER. Bk, ”7THEASIEE, # S EN
FRERLRE . % NaAlg R E CMC W —FF, fEHREREB AR AELZR RN, HE
TR FF U BOIRES , W IR AR () BT 5 5 B0 B4, 99 0 B0 4% ] | 3K (4) 4k B A5 31 . 28 1T 3 B |
NaAlg 7K ¥ ¥ 7E &t [ ok A R Bk IR B 3% 48 ) CaAlg K&, % B KA. Bk, fE
(@) 51 AN H (K) R s il 25 T A2 A 28 Bk I R LA K [l 3 B S i 25 M I g2, 759 31 Do

i #E 3 2 3
D, = Kx f Q. = Kx /—Qi+Q° (5)
° 1 1
—nu —nu
4 4

R Qu Qi Qo MULH. AHE. SR, m¥s: Do— MM E, mi ou
U R, miss K (A ST A

(3) PRHI: AT HWRFREELNFEEROET, KX @), RE) TR
B[ I 0 2 m/s 0 92 B P B0 9 R SR B pl/min, 46 K BE B0 TR B A A B G m e
B 92 5 7 (8 LAY pm, 493 )

D = |20, /9=4.6067>< /9 6)
3n u u
D, = K x4.6067 /ﬂ )
u

X Diy Do—TELYLEMANIE. SME, pum; Qar Qir Qo— EHUE. WHIWE. SR
&, ML/min; u—UREEHE, m/s.

2.3.2 shABARE A CaAlg ¥ R L LM Frh: JYHNMHEERN 60 uLimin, WEEE N
20 r/min B}, CaAlg 725 £F 4 45 1 B 4 A 0 3 (19 28 A6 W Fig.6(a) T 7~ o Bl & A1 A i 1) 38
K, A B B R R B B S RS K, RRE MR RYsR, SRR s A4S B B R,
NETH B, AHERMHIEG, XEFNERESERERAEZE T RAKEN
MAMREMERE S, RMMAGHRE. CaAlg 25 47 4k /Y A 42 BE 0 M U % /9 28 1k B A o
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Fig.6(b) AT 7~ , B A 0¥ r 3R R SO0 208, i 2R 3R s AR 48 A X (6)18 2 i Bi{E , & 116 pm.
B S50 5 BN AE B AT Lh B, AT R Z B (8) T E SR, AN 0.94%, 4.62%, 1.27%,
2.16% 1 3.91%, KWL MEHEHMEEXEAYE, ZoMBEHES TGN EEH. [
NIRRT IS v E B/ R i e SR o U S o R R e S =
[S630 - ]
THIE
Fig.6(c) N A 25 £ 4k 4h 1% [t Ab A1 70 38 A8 4k FAE B0 NaAlg 3 A &k A2 38 BE M,
PRFF VA R ZS, AR 4 =0 (6) 75 2 5 Wt 10 BLIl B 42, ¥ H 5 X Bk J5 CaAlg 2F 4k 1 52 Br H 1%
fxk Ee, BUCEEAH 1T S48 7E A 2 BU(K), A 0.6036, # K {E W AR (7)) A

D, =0.6036x 4.6067 x \/W 7806 \/ﬁ .
u u

VB0 0 0 K R T R 8 S AT B0 0

X IR ZE = 100% (8)
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e e
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Fig.6 Effects of Qo on the diameter of CaAlg hollow microfibers
(a): optical images of jets and CaAlg hollow microfibers; (b,c):effects of the Q, on the D;
(b) and D, (c) of hollow microfibers
2.3.3 AHAZRMY CaAlg P = £ LM h: JAHMHFIEAN 1000 pl/min, i £E 5
79 20 r/min i, CaAlg ™ 25 2] 4 45 #) B8 A AH i B9 A2 AL a0 Fig.7 FITzn » Fig.7(a) v ith #H B
22 T SRR O o B R R 2% T 45 45 B CaAlg A AR RO B R . I AT
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LE H, 3G RN AHE, AT AR 3E Rh S 4 4 AR, A2 o W WA AL .

Fig.7(b)F1 Fig.7(c)7r Al B 7n T h A 4F 4 W AR A AN AR B A AH I (R AR AL G R . 9 A AH
I IE 20 pl/min 34K £ 100 p/min B, £F 45 (4 4 42 B 75 pm 385 50 3] 151 um, 3% K 50%,
M A& LT o284k, b REBEE I i 117 pm 380N 2 79 um, 506 2% B 5 W 8% 21 (1 8 A A )
& o Fig.7(b)rh i 4 A MR 4 2 (6) 45 2 1 v 7= 25 4k ) 4% B8 P A U AR AL IR T il 22 . R T
MAE 5 5256 5098 A0 L, A6 iR 243 9 11.58%, 6.10%, 0.75%, 4.05%A1 0.42%, it
B S B 5 T B W &, #E— 25 E B 20(6) wT 1 000 £F 4k 1 P9 42 B Y AR IR O 1 AR A .

R R (9)E B h L 4 M AN Z, W0 Fig 7(c) LR, M, S8 ¥ 5 Hi
B A X 1R 20 9N 6.71%, 5.27%, 2.25%, 0.74%A1 2.68%, it — B4 7 ()M T
T CaAlg 7% £F 4k A1 4% 1) 1 1tk

T

. E i
E 11 8 £ *
i3 & 5 e
B 5 i
¥ * § 4
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Fig.7 Effects of Q; on the diameter of CaAlg hollow microfibers
(a):optical images of jets and CaAlg hollow microfibers; (b,c):effects of the Qi on D; (b)
and D, (c) of CaAlg hollow microfibers

2.4 WHREEX CaAlg P EF L LW

TR A I W R R B O B U R A A B, o5 R A B O B R T Bl IR R B S B AR B
CaAlg W S A 4k (1) &5 # 7= A2 Wi o 24 AP AH LI 9 1000 pl/min, P AH L # N 60 pl/min,
CaAlg =5 £F 4 B 1% B W42 3 FE 0 A8 1k G Fig.8 T 7 « Bl 35 Wie 55 3 B () 388 om, vl A B 25 )2
PR EZH BN, SRAEMIRMARY KA SR N (Fig.8()). 44 %
TR G, PEAEWAEEEMIE N, Mg TAHE, Xl TIEREZE KX, 44
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T T 52 BE A 1 P B0 4 i S B 1 10 r/min 8 K 2] 50 r/min B, 27 4E 1) 442 B 445
pm i /NE 187 vm, JH/> 58%, WIEH 165 em/NE 74 v m, i/ 55%, HA{L
A Fig.8(b) Ml Fig.8(c)FTz~ » 24 N AP AH I 3 18 5 I, 25 4F 4 (1 N 42 F0 4 45 1 TR Wi 4R
R RE LR, FRHCN-0.5.
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Fig.8 Effects of u on the diameter of CaAlg hollow microfibers
(a):optical images of jets and CaAlg hollow microfibers; (b,c): effects of u on D; (b) and D,
(c) of CaAlg hollow microfibers
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Controllable Preparation of Hollow Microfibers by Microfluidic

with Oil Phase as Isolatoin Layer

Xinyue Tan?!, Xiaojie Jut?, Rui Xie®?, Wei Wang!?2, Zhuang Liu!?, Liangyin Chu?!?
(1. School of Chemical Engineering, Sichuan University;2. State Key Laboratory of Polymer
Materials Engineering, Sichuan University, Chengdu 610065, China)

ABSTRACT: Calcium alginate (CaAlg) hollow microfibers were continuously and
controllably prepared by microfluidic with oil phase as isolation layer. The inner and outer
phase fluids were extruded through the outlet of the microfluidic device, and the coaxial jet
was formed in the oil phase isolation layer by adjusting the distance between the outlet of
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the device and the solidification bath surface, the flow rate of the outer phase and the
collection speed. The CaAlg hollow microfibers were formed after the jet templates
cross-linked in the coagulation bath. In the experiment, the optimal distance between the
outlet of the microfluidic device and the surface of the coagulation bath is 2 mm. The larger
the flow rate of the outer phase and the smaller the collection speed, the more stable the jet.
Within the range of conditions for the formation of a stable jet, CaAlg hollow microfibers
with uniform structures were prepared. The diameter of the hollow microfiber can be
precisely controlled by adjusting the collection speed and flow rate of the inner and outer
phases. A simple analysis model was established according to the flow continuity equation to
predict the diameter of hollow fibers. The model gives an explicit relationship between the
inner phase flow rate, outer phase flow rate and collection speed with the microfiber
diameter. The accuracy of the model's prediction was verified based on the experimental
data.

Keywords: microfluidics; oil phase isolation layer; calcium alginate; hollow microfibers



