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ZHR AT 4k, Jeon i 2 IR AE R 2 TR
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Spinning strategies Principles

Wet spinning Materials are dissolved in a chemical bath and fibers are precipitated and solidified from solution
Dry spinning Fibers are solidified by evaporating under air or inert gas
Melt spinning Fibers are cooled to solidify after spinning from highly viscosity fluid

Electrospinning

Microfluidics

Fibers are drawn from a needle under high voltage

Fibers are drawn continuously by a co-flow, or cross-flow, or flow-shaping microfluidic devices

AN THYE, ST TXIER 2 E D4
REM T AN R[22 (a) 1o A T AT AR LI 95 2458
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SREEZ)N1015 MPa, DL KAEHPEL R 6%, it 1
BB RN A A 4R 154 M RE[39]. bk, kiR
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TR B EA — AN UL TE 13 3 B 40 N — AN FRHE T HY
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&, GBERIJEHi AT (P-GBF) #F—H4m T 4F4Em
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PERPUKRLTYE, HRMAELREA-FRERELAYEN )2 MERER VW RikRE. 2 American Chemical Society V], $#H 25 CHK[49],

2019,

Parameters of spinning ducts
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( (
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GiLAIGR g Jahii. (b) AR 22 3 AR 4RI ) S Ve R . BRI T Nk 22 3 AR I AR AR N - BRI 2. R EDNIRYT-3x: N EINIRYT S

ffi-3x. % Springer Nature ¥ 1], #4% 5 2% CHik[54], © 2016,
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FIME (50 MIm™) FIEMFPE (30%) 2%, HETFEZH
B AT A B

6.2. BRIZ AN My 1 B 41 4

R, —RINAFERIZREMEE W ED, OFY
. E. FORREES, WS TR 28
RIFH T REATEWLYE[33]. BT, A E
M B B (R RS E Ay B 4
B, FLA A 2 TR AR o S 38 38 43 73 FH T 8 1 R RN
5% GAZZHEF . X FhHAR GRS HIE B A S s W &
H4F4E, 512 CRIE ) 55 4 Wk 22 5% AR 78 22 4T 4R 1)
PEREAH Y, FLAE L R[60-62]. T H A S
PEREFN AT I AEIAE AR, IR e 1 AF 4R G Dh N T
K FR AR A 1 S FHE G

AN, N TR INAL ARG, Haynl 55 [63] 418
T A R A A B A ) 3 AN AT AT A I A 1 AR T Y
IR A et 4E (6>, Mgk — AN TR
e (PDMS) WIuAfEE, %38 A5 211l
IJUETAR, DA 8 (i BB IR 2R . FESR & 1
(PEG) fAENGE Y pHEZRM T, ML 4EES X Rl
BOFHEH R BIKG, BEEEH B sh &b a5, 45

REIR, WX R R AR 1 R — e .
B B AT LA 28 ) 2 RE B R 1 A 4k, R g R
H(383 + 85) MPa, 7 [RAE (4138 + 512) MPa, XK
KL T HGAST R 1- 2. 36-3- (3- T HIREFEEF )
% (EDC) /N-$2FEBEIAME W I (NHS) S8 BEA
B 4F 4E[55,64]. BLAk, #2840 ENG108-15775 3 £F 4 il
L R A KA IR S AR YR ] R 2B R A TS TR
NI [42].

6.3. LAFLIH H5 43 B A Bt i 2 2

i, FUEEASEY (WPD #JF &K N @ E A
YA & KamadaZ6[65]3R3E 7 —FE Fifi L
2 2 S ms, I A IR BOR & AT 4E[1El6 (b)) .
FATTAE P XU SR A R A 2 B, 7RI N 0.45%~1.8%.
pHAE 5.2 (264 N A7 e ¥ i 2R 9K IR 41 4E (PNF).
g IR, A 4EHEFI R B RAR B0 f PNE 7= 4= 1 LI
SRFE S AT 4E, oA IR 20288 MPa, ZEffi{EL)
H1.5%. Kamada%5[66]¥5 1t Hi —Fhiit 2h 28 A5 B i 4%
B, HTMNB-FLERE O il o> 9 5 B 2 4T
Y, IXFRLF4ET] DL E AR A K A 4. R B-FLEk
5 97 LR RN, 5 CaCl, 38 57 TR W AE 1% 392 b 3t

12 PBF

0 1 2 3 4 5 6
Strain (%)

GBF

OP P ESBREL
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250 P-GBF

(@)

0 10 20 30 40
Strain (%)
(b)

BE15. ot 2 BRI A L5 8 A 2T 4E R B A (o) 12208 B i — AN OO R F 8 s — ANBERLA A A IR R A A . I SR A T
80% CIAFRZI ) f HH R/ /K BE I rhoie e, DA E I — I OSSR AMUBE AR IR o (o) AN[RI SR AR T LTS 8 A 2200 (A e 2 A8 - )8 g 2k 28 Willey #F T

A H 22 CHR[59], © 2019,
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B 6. @i s s AR HE R R A A S ATEEE (WPD 204 R Eae R BB () EEDY— MRS 5 = A7 B33 56 A0,
AJ AT IS 22026 p HAB M 3 10 e JB0 28 (1A (4068 FpHAE ARSI A S PEG I MIAT (JE) . MEFgEp £ 2K, th—A @ shEfd .
TN JRE [ L4 MR AS - N S 2k . 242 American Chemical Society Y A], #4#% [ 2% iik[63], © 2016, (b) &Iy T 2T 4 4H 25 ) %L
MBS EREE . RAYKESYE (PNF) Bk, 2B F/KMBSERZE PN (pH = 5.2) /P AENC S5 BP A 8. T By 28 (3
Ju-RiAR e, Eom A YNGR R E, B IRBL 20 9288 MPa, IEMITEZ)J1.5%. % National Academy of Sciences ¥F 1], 4% [H 2% CHk[65], ©

2017,

Wio FPEGHINBHL R G 1E AR LF4E, S8 5 B E H
F 7 BPIRCEE, Wl pe 2 AT 2 . @ik 42 i ¥ 2 s, m] LA
A A I 2F 4R 0 EAR A Sy S VERE . e, s
T IR LERTEATTIHES, BT 47 47 4 (1) 47 F A & A
P AR L 4y A ik — 2P 2 (2.21 + 0.4) GPafll(92.0 +
28.0) MPa.

245 R Tl IR AR T R AN R 2
B LT 4Em J122 kR, XTELT] 20, FmiEEoR T UL
i) e o v AR AR R — AN SRR B . X
HSRIEAUE A THA2EDMEHEA, mHME-H
THAEHEA. FaleBARRT T ZAENES, o
GERUN AR AR A, # e POES s Bk
i R ] PR AR 4E . BeAh, A AR R S B )
EWE DAL, Ed RS E R & A 4R
W R AP A . o s 2 B o9 dE (KR B B

LRYESEA TARGF I 77, NI AR T B SR B HES Y
TYietdE. SR, HORIEEOR A 1 & B 2T 4RI 27
PERETIIRAN IR IRk 22 27 4k . [RIUtE, W Rt — 2Bt
VIRAR AL NI i < N N | S C N T SN 7] A 1 o8
IR S5 40 Z TR R 2R &R o

7. TR

VR W I RE 2 —, AR A [ ) 21
LRYEfR Tt BN AN, T2 T L R
. fRil, AR SOR G & AL 4ERUS T R
feo HHAMGTLEARMEL, SO EEARAE RO )T T
BT ERTT R B A, DU RSl A AT A
ZINERARIRIIIS . BFERAME, 5 THliEsit B
GFHIGERT, DARTR i G AR PR . pbAh, 7R R
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R2 RS BRSO LR L

Protein type Tensile stress Extensibility Modulus Toughrfss Devices/methods
(MPa) (%) (GPa) MJ'm™)

RSF [43] ~100 ~16.0 ~3.5 — Cross-shaped channel (PDMS) that consists of three inlets
and one outlet

RSF [44] ~614 ~27 ~19 — Single-stage channel (PDMS)

RSF/CNF [49] ~486 ~16 — — Dry-spinning apparatus with a progressively narrowing
fluidic channel

CNEF/RSF [48] ~1015 ~6 ~55 ~55 Double flow-focusing channel with three syringe pumps

WS-PSD [54] ~286.2 ~18.3 ~8.4 — Wet-spinning with continuous post-spin drawing

GBF [59] ~110.8 ~140.5 ~3.4 ~125.0 Two-channel glass capillary device with a tapered outlet

P-GBF [59] ~279.4 ~28.3 ~4.4 ~51.8

Ovalbumin fibers [33] ~60 ~3.0 ~2.6 ~1.8 Coaxially assembled two tapered glass capillaries with one

Milk casein fibers [33]  ~75 <40 4.0 <125 outlet, 5% GA solution

Collagen fiber [33] ~160 ~20.0 ~4.0 ~15

Collagen fiber [63] ~383 ~25.0 ~4.1 ~52.9 A tiered channel geometry with three syringe pumps

PNF [65] ~288 ~1.5 — — Double flow-focusing device

B-lactoglobulin fiber [66]  ~92 ~10 ~2.2 — A flow-focusing junction with a water bath, CaCl,+PEG

BORA P20 b RTINS DI RERT L, Jud i
gigt e st Rete tt T E 2 LS. BT IZEORIEE
P, ORI EOAR AT DASEILR U 32 B A 2 A D RE Y
FR UM B2 () 2T e AT R o

TRV S AR A 2 1) ST PR /NI SRA L JRLE AN BT 1)
73, WTRMEBCTE R A2 e B b o AU P
ALY, (HAELHEN TR AE LA E . R
JFR, RS E S B LERINUNAT Jv 77 AR 4
ARRE . 2R, BIHATNIE, SRS AL
PAFEGNK RS A RBEE I E AL . XAkt =
A R SRS KA 2 B A RS KR B AT 4, s -
FeR. BB, R EUEM A K. AL, fER
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