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Metal Electr.ic ' Density Young’s
. conductivity modulus
materials <1076 (S/m) (g/em?) (GPa)
Cu 58.8 8.9 110-128
Al 35.5 2.7 70
Stainless steel 10.4 7.8 211
Ti 2.4 4.5 116
Ni 144 8.9 200
Ag 63.0 10.5 83
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Fig. 2 (a) Schematic illustration of the synthesis of high-performance composite yarns (Reproduced with permission from Ref.[35];
Copyright (2014) American Chemical Society); (b) Structure of the flexible wire-shaped lithium-ion battery (Reproduced with
permission from Ref.[34]; Copyright (2014) John Wiley and Sons).
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Fig. 3 (a) Equivalent circuit diagram of twisted FLIB, per unit length; (b) Graph shows that as fibre length increases, the

predicted internal resistance of current collectors with different resistances with predicted values; (¢) Schematic of the set-up

used to produce continuous fibre lithium-ion batteries; (d) Photograph of industrial-scale fabrication line of fibre lithium-ion

batteries (Reproduced with permission from Ref.[57]; Copyright (2021) Springer Nature).
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Fig. 5 Fabrication of FLIB textile and FLIB textile charging an iPad under harsh conditions. (a—d) FLIB textile made from
FLIBs by a commercial rapier loom: (a, b) fabrication process using a rapier loom (inset, rolling-up of a textile) (scale bar,

10 cm); (c) photograph of a 5-metre-long, 0.3-metre-wide FLIB textile; (d) photograph of FLIB textile with different styles

(scale bar, 2 cm). (e) FLIB textile normally charge an iPad under folding: (i) FLIB textile charging iPad; (ii) charging iPad
after 2 folds; (iii) charging iPad after 3 folds. The size of the textile was 0.3 m long x 0.5 m wide. (f) FLIB textile charging
iPad under car crushing. The car mass was about 1300 kg; (g) FLIB textile being washed by a washing machine (scale
bar, 10 cm). (h) FLIB textile charging an iPad after washed and dried; (i) FLIB textile charging iPad when punctured by a
blade. (j, k) The temperature of the zone monitored by the infrared imager remains almost unchanged before (j) and after

puncture (k) (Reproduced with permission from Ref.[57]; Copyright (2021) Springer Nature).
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Fig. 6 (a) Schematic (left) and photographs (right) of a commercial braiding machine used to weave textile battery from
aqueous FLIBs (Reproduced with permission from Ref.[87]; Copyright (2022) Springer Nature); (b) A battery fiber embedded
within 135 cm x 120 cm textile (Reproduced with permission from Ref.[102]; Copyright (2021) Elsevier); (c) Photograph of
the application of bodystate monitoring, with a coauthor wearing the TBAN in the outdoor environment. Scale bar, 10 cm
(Reproduced with permission from Ref.[108]; Copyright (2022) The Authors); (d) A strain sensor fiber was powered by VCF/
Zn battery fibers integrated in a flexible fingertip (Reproduced with permission from Ref.[95]; Copyright (2021) The Royal
Society of Chemistry); (¢) Schematic illustrating an outdoor trial of a health management jacket integrated with fibre sensors
for detecting ions in sweat and an electroluminescent textile display for displaying the data. Data collected by the fibre sensors
are transmitted to mobile phones for real-time monitoring and diagnosis. Predictive algorithms offer preventive care to the
user; (f) Block diagram shows how the FLIB powers the microcontroller and display driver. Data and feedback (two-way
arrows) are fed between the fibre sensors, microcontroller and smart phone. Data and diagnoses are eventually displayed on
the textile display. Orange, green and blue arrows represent power supply, signal transmission and wireless data transmission,
respectively (Reproduced with permission from Ref.[57]; Copyright (2021) Springer Nature).
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Feature Article

Design and Application of Fiber Batteries

Hai-bo Jiang, Meng Liao, Ying-fan Chang, Kun Zhang, Yi Jiang, Bing-jie Wang", Hui-sheng Peng
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
and Laboratory of Advanced Materials, Fudan University, Shanghai 200438)

Abstract With the unique one-dimensional structure, fiber shape energy storage batteries, represented by
lithium-ion fiber batteries, play an important role in energy supplement for wearable devices. The diameter of
lithium-ion fiber batteries usually lies between tens to hundreds of micrometers. The outstanding flexibility
can accommodate multiple deformation such as bending, twisting, and stretching. By low-cost weaving
method, lithium-ion fiber batteries can be easily weaved into energy storage fabrics and integrate with daily
clothes. However, traditional fiber batteries suffer from inefficient preparation and poor performance
matching, which can hardly move forward from laboratory to industrial production. In addition, researchers
used to believe that with the increase of length, the internal resistance of fiber batteries also increase, which
seriously hindered the theoretical development of large-scale fiber batteries. In this feature article, we briefly
summarize the research progress of fiber shape energy storage devices in recent years. For practical
application requirement, the development of flexible lithium-ion fiber batteries is sufficiently concluded based
on the work of our group. Firstly, continuous manufacture of lithium-ion fiber batteries is discussed. Large-
scale production of lithium-ion batteries was realized for the first time, which met the prerequisites of broad
usage. The variation of internal resistance with length was revealed for the special 1D structure of fiber
batteries. The electrochemical performance, mechanical properties, and tolerance performance were
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characterized under practical scenarios. Furthermore, based on continuously prepared lithium-ion fiber
batteries, energy storage fabrics and integration with wearable devices are developed. This showed promising
applications in healthcare, communication, and motion monitoring. Finally, the future of flexible fiber shape
energy storage devices is prospected. Efforts should be devoted to improving the electrochemical performance
of lithium-ion fiber batteries, such as energy density, power density and cycle performance. Besides, fiber
battery pack technique should be investigated to adapt more real-life scenarios. Suitable application for energy
storage fabrics are still awaited to be explored.

Keywords Fiber battery, Continuous production, Energy storage fabrics, Integration



