RERE: (L
SCIENTIA SINICA Chimica

W i

2025 F HE55% F 7 HE: 1901 ~ 1916 CPIERRE ) Zekal

SCIENCE CHINA PRESS

chemcn.scichina.com
CrossMark

& click for updates

& SEIR A AN T SERT R Y WSS e 5 B IR R

Yo < = - . Lk P
AT, AR, B, RE, DR, REL, TN
FACRHR AR R 3 5 TR B, b R DI Redf B SR %, A 5K 050018
EE DA
*HINE#, E-mail: llhou@hebust.edu.cn; pengpengli@hebust.edu.cn
Wi H 391 2025-01-20; #2352 F 31 2025-02-19; %8R & % H i 2025-03-18

A6 S5 AR A ST H (QN2025127) b4 B AR R 2 & W B I H (E2024208003) F13i Jb 24 5 55 8F & 1+ LI 50 H (21314401D,
21371201D, 21374901D, 23311201D)%& 1l

TE OISk ESERMATEE LN UTREAECFER, £, FERITABREETS
FBIIRT Tz KE. BT BN RAG F o) A R, AT R — R E UM BB ARET 2R
WA BRGLPMRELR AR E LSBT ERMET QR SRy LBL G ZIT B LmmK
B AR FFHEF, TR AE SR U 8 A A B R R R R IL T B LR AR B = BT 5 . IR AR R F )
TR B A S R A LR £ . RXR GG R T AP B A ] & 2R 4T 48 77 T HY K SRALE v
BHHEE, ANBTRRTECENEST . FREEMERECRETENELA. &G, HITT ZIURA L 87

Ao Rk X BRI F.
KR s

1 5%

Pt — TN E R T R IR I, B A4k
SERANTIEE, DAY IAR. BRI LR 2 5 45 ]
R R R T AE IR A AT AL,
it IF ke i A U PEBE R MR AN AR BAR S
MIAEMEHI R R NAGL, S 1 AR A 2B AL
s ™) LA R 5 H M S A7 E T 4% Bl A A A R
PaktEL R, DNA SR IESS 1) 28 7F IR e 52, 7
FEMEIEDN, RS AR ) ) 2 PR RE A T fE
RS2 332 S O 0 A AR ANTE A i s
FREHE, WAENTIEHGB TR E A A 2

b, UK AT 2, B4y 22, GRS, R £

TEH. R ERFUBIEA IR &, RN GBI TIT
KEARIL NN TR SR 4e/E oy — i E
PR gi G TIRIEA M RIS RLFHER BRI, ©
FEAEMIBR A REIRAF G AR BOMIPR T IR BEAE U SEEL
TR LT e A A LT AER R 1 ) 45 S A 4
% A PTIRNE. BRGE . WIR-BEE . #
Gise, it B, K2 SR RN A 4
1 E e, AR T VA SRR 2 AR L A i
FEZEBA, 0 FL by B AR % BT RO SR A5 4,
T 2% W38 85 P4 o W88 e 2T 4 14 52 o 2 P 8RR KR
Wi, AT, SR HE LT 4 1] % T A AR R R T
PR — KA

Chim, 2025, 55: 1901-1916, doi: 10.1360/SSC-2025-0011

IR LuXx Zhang J, Sun G, Zhang X, Ma J, Hou L, Li P. Progress and exploration of applications in continuous helical micro/nanofiber materials. Sci Sin

©2025 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2025-0011
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2025-0011&amp;domain=pdf&amp;date_stamp=2025-02-28

HH e 5 EERIR TN A e R BT FUidE e 5 B IR R

Hi LT L AN — Rl ARBA HE S 9K
eRdefil Tk, BATEERE., writkss . EMME
JZAELE, RS I EAR A LK B LK
EELLYE, JF O N TS KT RE LT 4E AR 1 il
HUL Sz AR O R R, RS R
KA T BB AR T2, IFUTRENCER &% TR AT 4R
HE—RIE, ITHR, BTN Gl itk & 22 3 B AN
IS YI L ZH, BISEIL T SRR 4 2%, v
HL 275 22 SR AE A7 AR A RSS2 FH T e T 3T R 7 17
TN, SRS BOR R R i) i SRR e £ 4k ) — Fh i
B, AR ROK R E RS I H LA S s A
WA, HEBEHIE A 5 AR AR R T R £ b R
ORIEBOR BA ks R ] 42 A0 2 T RE Ak S5y
R, BRNE SRR AR AE TS . AL SORIE B RS i TR 4. 1
PRIB A BEMS 45 5 W37 5 H1 B R 0T 3 2T 4 1A e
A, TSRS AT 4T A I B 35 2. PR 5
TUUR KR AT TN, 83 HR AR A sh 42
RGN AEAT, P P YERIRTELL. BLAN, PIRIECR Y RE
g LB IR I S R (g e A1 R AR A,
T AL AN A PR 2 P 55K

FHEE T AR B 23 S A ] 2 AR e 2T 4 1)
FoARM !, gy 2 AR R R BA 8 AT
PEVERIRAROE S, Bl s i i 77 22 AN BRRIAL % BOR 1 #6
TR IELT YR £33+ o b BE. AR SLERE T F
HL S5 L2 BRSO AR ] S SRR LT 41 T 3%, A
REFYL I A2 AT IR e LT HE ] 46 T2 SRBERZ A

A LASFRIR e A M R L. SCREVRARIRTT T 45
LZH FORPRRIE . R . R SRR RO R e 2f
PETLAHIW. F356, BATRICE 1T AR R A Z he 2T 4
FEYUREF AR RIS AT ), BB AEYIE S, 3F
BB R S SR USRI NI . B R BT FT A
e R EPSINED o it

2 LY BRI SR e T Y

FERRFF LIRS, AR LR IR e
TR Y & R AR MR . B AL 813k
T YR IERE RS P T EUE A, & T
B S A R T LT . XU 43 SRk 43 Dy I HERIR]
Ry FhSRA, RENS I AT R RS 1 2 AL 0 T 4
FFHEUEL 73t Sk AL P AN T RO TE [R] I 58 14 7 A A
R I RL, T2 O FHEHES B = 5 25 4. R £k
WEE AN RRUE, A R RM R AR 5 — AR
WS, e L- SR AT 4E. Rk, iRAEHTH
G2t Sk P AR R GRS, AT LRI Dy 4Ly A
L5 AN KA LT 4E" 2, 61 45 T 8L IR T i
& TR .

2.1 BAU e LT U

B T Y AR Y B T EAK A T 97 2 Z B A
PRI RCRE PR AT, AT, S R e 4T 2 i
AR RS . BURYILROREL . T RRSETT

T TR G BRI & A BRI LT 4k 1) T ZADRE RIS 8 7 72

Table 1 The main material and collecting method for producing helical fibers are prepared by electrospinning technology
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Figure 1 (a) Electrostatic field line distribution in the electrospinning
setup and optical microscope schematic of helical fibers [24];
(b) diagram of a parallel plate fiber spinner [25].
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Figure 2 (a) Diagram of the electrospinning setup and the resulting
helical fibers [26]; (b) diagram of the improved electrospinning process
and schematic of helical fibers [27].
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Figure 3 (Color online) (a) Diagram of the spinneret plate, grounded collector, and SEM images of the electrospun fibers [28]; (b) optical images of

PCL fibers prepared under different solution concentrations [29].
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Figure 4 (Color online) (a) Schematic diagram of an eccentric co-electrospinning system [40]; (b) schematic diagram of a co-electrospinning system

and TPU/CA helical fibers [42].
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Figure 5 (Color online) Schematic diagram of a co-electrospinning system with different spinneret structures and the corresponding helical fibers [43].
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Figure 6 (Color online) (a) Schematic diagram of a microfluidic device system [54]; (b) diagram of the “liquid jet coiling effect” in a microfluidic
device and helical fibers [55]; (c) schematic diagram of a three-stream microfluidic system precisely controlling the morphology of fibers [56];
(d) schematic illustration of PCL helical microfibers prepared by the PIMS method [57].
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generating double-helix, triple-helix, and core-shell structured helical
microfibers [58].
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Abstract: In recent years, continuous helical micro/nanofibers have garnered significant attention in the fields of smart
materials, bionic design, and precision medicine due to their unique geometric and physicochemical properties. The
controllable deformation mechanisms and dynamic response characteristics of these fibers offer a new research
perspective for the development of next-generation functional flexible materials and technologies. Electrospinning and
microfluidic techniques have emerged as innovative methods for the preparation of continuous helical fibers.
Electrospinning leverages electrostatic forces to achieve high aspect ratios and ordered arrangements, while microfluidic
technology ensures precise control over helical geometric features through accurate fluid manipulation. Together, these
two technologies have significantly advanced the functionalization and diversification of applications for continuous
helical micro/nanofibers. This paper systematically reviews the key mechanisms and influencing factors of both
techniques in the preparation of helical fibers, introduces their applications in biomedicine, environmental remediation,
and intelligent sensing, and finally discusses the current challenges and future development prospects in the field.

Keywords: helical structure, micro-nanofiber, electrospinning, microfluidic, flexible functional fiber membrane
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