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New Progress in Twisted Fibers
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(1. School of Science, China Pharmaceutical University, Nanjing 211198,China ;
2. College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract: Twisted structures exisit widely in natural living bodies and inanimate substances, and through a large
number of studies, it has been found that it is widely present precisely because such twisted structures help to
improve the properties of materials, which in turn can achieve rich biological functions. By mimicing the natural
twist structures, researchers have developed a number of twisted fibers for a variety of applications. During the
twisting process, the fiber will twist and deform to generate a twisting moment, and the internal structure of the
fiber is tightly hugged and becomes tighter while being helical-oriented. As a resuct of torsion, the internal
structural of the fiber changes adding some very unique and outstanding properties in terms of mechanical pro-
perties, thermal effects and electrical properties. Therefore, twisted fibers have attracted extensive attention
from researchers, and have been applied in multiple fields. This review paper mainly introduces the preparation
mechanism of twisted fibers. The latest research progress of twisted fibers in the fields of artificial muscle, re-
frigeration and power generation is reviewed, and the further research development and application prospect of
twisted fibers are prospected.
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Figure 1 Fiber twisting methods and the applications of the twisted fiber (Reprinted with permission from
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Figure 2 (a) Spider silk is composed of numerous interlocking twisted nano-fibrils; (b) Spider silk breaks only
when all segments in cross section are broken (Reprinted with permission from Ref. [27]; Copyright 2014 The Royal
Society of Chemistry); (c¢) The manufacturing process of the bioinspired hierarchical helical BC-Alg macrofibers
(Reprinted with permission from Ref. [28]; Copyright 2019 Oxford University Press); (d) Cone, funnel, Fermat

and dual-Archimedean spinning (top) and the resulting yarn cross sections (bottom) (Reprinted with permission
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from Ref. [7]; Copyright 2017 The American Association for the Advancement of Science)
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Figure 3 (a) Artificial muscle configurations for tensile and torsional actuation(Reprinted with permission {from Ref.
[8]; Copyright 2012 The American Association for the Advancement of Science); (b) A two-end-tethered electrochem-
ical cell configuration for simultaneously measuring torsional and tensile actuation (Reprinted with permission {rom
Ref. [5]; Copyright 2011 The American Association for the Advancement of Science); (c¢) Steps in the fabrication of
sheath-core fiber (Reprinted with permission from Ref. [50]; Copyright 2015 The American Association for the
Advancement of Science); (d) Schematic illustration of the somato-sensitive film soft crawling robot and its cross-sec-

tional SEM image (Reprinted with permission from Ref. [52]; Copyright 2021 The Royal Society of Chemistry)
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Figure 4 (a) Schematic illustration of the solid-state electrochemical yarn muscle (Reprinted with permission from
Ref. [60]; Copyright 2021 Wiley-VCH GmbH) ; (b) Photographs of a doll with a smart hair style (Reprinted with
permission from Ref. [61]; Copyright 2021 The Royal Society of Chemistry); (¢) Schematic illustration of the fabri-

cation process and network structure of artificial muscle (Reprinted with permission from Ref. [63]; Copyright 2021

American Chemical Society) ;

(d) The shape and driving mechanism of the mandrel coiled with bamboo fibers

(Reprinted with permission from Ref. [64]; Copyright 2020 Editorial Office of Chinese Physics B)
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HFRLHN TR TSGR (2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim WA 7))

Figure 5 (a) Schematic illustration of irreversible helical cotton-hydrogel yarn (Reprinted with permission from
Ref. [66]; Copyright 2022 Donghua University, Shanghai, China) ;
trations of a twisted CNT yarn and a SRAM (Reprinted with permission from Ref. [68]; Copyright 2019 The Amer-

(b) Schematic lateral and cross-sectional illus-
ican Association for the Advancement of Science); (c¢) Images of the twisted and coiled hollow-fibre actuators (Re-
printed with permission from Ref. [69]; Copyright 2022 Sitong Li ez al.); (d) Sequential photos of smart clothing

sleeves based on silk artificial muscle (Reprinted with permission from Ref. [70]; Copyright 2019 WILEY-VCH

Verlag GmbH &. Co. KGaA, Weinheim)
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Figure 6 (a) Schematic illustration of the fabrication of liquid crystal elastomer twist fiber based on a two-step
crosslinking strategy and chemical structure (Reprinted with permission from Ref. [71]; Copyright 2022 Wiley-VCH
GmbH); (b) Bimorph fibers produced wvia two-step thermal drawing, and cold drawing process for obtaining a
spring actuator (Reprinted with permission from Ref. [72]; Copyright 2019 The American Association for the

Advancement of Science); (c¢) Actuation strain cycle response for a 0. 2-kg tensile load (Reprinted with permission

from Ref. [73]; Copyright 2021 The American Association for the Advancement of Science)
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Figure 7

(a) Photographs of twisted, partially coiled, fully coiled, and fully supercoiled NR fibers; (b) Surface-average

temperature changes versus strain. Insets show thermal and optical photographs for a coiled NR fiber. Scale bars: 0.5

mm; (¢) Maximum surface temperature changes of a NR fiber; (d) The time dependence of outlet water temperature

change by using the device in the inset (Reprinted with the permission from Ref. [6]; Copyright 2019 The American

Association for the Advancement of Science)
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Figure 8 (a) Self-coiled PVDF fibers prepared by isobaric twisting, drawing the wound fibers to induce heating and

releasing the draw-induced cooling as a cycle; (b) The thermal images of PVDF fiber before twisting, twisting and

after twisting release; (¢) Schematic illustration of homochiral and heterochiral coils; (d) Optical photographs of self-

coiled PVDF fibers coated with liquid crystal dyes under different stretching conditions (Reprinted with permission

from Ref. [81]; Copyright 2020 Elsevier B. V.)
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Figure 9

(a) Tllustration of a torsionally tethered coiled harvester in an electrochemical bath; (b) Depend-

ence of capacitance and voltage on isometric twist and untwist; (¢) Frequency dependence of peak power and

energy per cycle. Insertion of SEM image of this harvester. Scale bar: 100 pm;

(d) A twistron ocean-wave

harvester (Reprinted with permission from Ref. [7]; Copyright 2017 The American Association for the Ad-

vancement of Science)
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Figure 10 (a) The scheme and principle of CNT yarn for the generation and storage of energy in smart textiles (Reprin-
ted with permission from Ref. [84]; Copyright 2020 WILEY-VCH Verlag GmbH &. Co. KGaA, Weinheim); (b) Vis-
ualized charge transfer reaction. Insets: Contact angle measurements (Reprinted with permission from Ref. [85]; Copy-
right 2022 American Chemical Society); (c¢) Schematic illustration of the structural evolution of the supercoil battery
(Reprinted with permission from Ref. [86]; Copyright 2021 Elsevier Ltd. ); (d) The fabrication of a biscrolled MnO, /
CNT yarn-based coiled and woven supercapacitor (Reprinted with permission from Ref. [87]; Copyright 2016 Chang-
soon Choi et al.); (e) Schematic illustration of the gastric dynamic self-supply sensor (Reprinted with permission from
Ref. [90]; Copyright 2019 American Chemical Society) ; (f) The fabrication process of ferritin/CNT harvester electrodes
(Reprinted with permission from Ref. [92]; Copyright 2020 Elsevier B. V.)
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