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Flexible and fiber-shaped batteries —A review
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Abstract: With low dimensionality, flexibility, shape-adaptable, and high integration with textiles, fiber batteries

can meet the energy supply needs of circuit elements of flexible electronics. In recent years, research on fiber

batteries has not only focused on active materials composited in electrodes, but exploring multi-functional, scal-

able, and highly integrated systems of fiber batteries. In addition, certain breakthroughs have been made in the

large-scale production of fiber-based batteries, including battery assembly, integration, and continuous produc-

tion. Based on this, this paper discusses the recent research results of fiber batteries in terms of fiber substrate

materials and preparation processes, and it also review the latest breakthroughs in the industrial production of fiber

batteries. Finally, this paper summarize the problems in the development of fiber batteries and analyze the key

difficulties that need to be overcome in the future.

Keywords: fiber-sharped batteries; electrode materials; liquid metal; industrialization; wearable
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Fig.1 Schematic representation for the three types of fiber-shaped

battery configurations
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Fig.2 Fiber-sharped lithium-ion batteries: (a) Schematic illustration of hollow wound fiber battery structure and preparation process”; (b) Stainless

steel fibre (SSFs) substrate fiber-sharped battery preparation'; (c) Coaxial structure lithium-ion fiber-sharped battery™; (d) Fiber-sharped lithium-air

battery structure and preparation'”; (e-i) Winding preparation of electrodes; (e-ii) Double wrapping preparation of fiber-sharped battery""}; (f) Lithium-

air battery used cotton yarn substrate!'”; (g) Coaxial lithium-ion battery with high electrolyte capacity"*
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Fig.3 (a) Stainless steel (SS) substrate zinc-ion battery!'*; (b-i) All-solid-state Ni-Zn fiber battery structure and SEM images; (b-ii) Porous Ni-NiO

nanosheet heterostructure; (b-iii) Battery cyclic charge/discharge life!

(c) Ultra-high deformation fiber-sharped battery!'®; (d-i) Wet spinning

preparation of fiber-sharped battery; (d-ii) Flexible demonstration of fiber-sharped ZIBs!'"; (e) Cellulose substrate fiber-sharped battery!"”; (f-i)

Preparation of fiber battery with spiral multi-component core-shell structure; (f-ii) Cracked structure of active material; (f-iii) Schematic illustration of

fiber-sharped battery to power a pulsed system"”; (g) Super spiral structure zinc-ion fiber battery
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Table1l Summary of fiber-shaped batteries discussed in this review

1 REIKRARBHIERTH

Fiber

Capacity retention/Cycles/ Ref.

devices Cathode/Anode Specific capacity Energy density Current density

Al/Ni-Sn@Cu - - - (7]

RGO@S@SSF/Li wire 762.5mA-h/g (0.1 A/s) - 50.3%/100/0.1 A/s 8]

N-CNTs@Ti/CO, 9292.3 mA-h/g (250 mA/g) - 100%/45/250 mA/g [10]
LIBs Si@CNT/CNT 1250 mA-h/g (0.1 mA) 512 W-h/kg 80%/100/0.1 mA [9]

CNT-LMO/CNT-Si@CNT 0.22 mA-h/cm (0.4 A/s) 0.75 mW-h/cm 94%/100/1 A/s [11]

RuO,@N-CNTs/O, 1981 mA-h/g (320 mA/g) - - (12]

Graphite-CNT/Graphite-

Cf\;{’ ite-CNT/Graphite 353 mAh/g (0.5 A/s) 144 mW-h/cm’ 99.8%/500/1 A/s [13]

MnO,@PPy@SS/Zn@SS 174.2mA-h/g (0.5 A/s) - 60%/1 000/2 A/s [14]

Ni-NiO/Zn 237.8 uA-h/cm®(3.7 A/g) 6.6 uW-h/cm* 96.6%/10 000/3.7 A/g [15]

Zn@SF/G@P@SF 32.5mA-h/cm*(10 mA/cm®) 36 mW-h/cm’® 76.5%/1 000/10 mA [16]

MnO,@rGO/Zn 230 mA-h/g (0.4 A/s) - 80%/200/0.4 A/s [17]

PANI@Cellulse/Zn@Cellulse  189.1 mA-h/g (2 A/g) 61.1 W-h/kg 91.9%/1 000/5 A/g [18]
ZIBs SCNF@Ni@NiCo/SCNF@Zn  19.15 pA-h/cm (0.1 mA/cm)  249.2 W-h/kg 50%/500/ 9.2 A/g [19]

MnO,-CNT/Zn- 0.029 mA-h/cm _ _ [20]

CNT@spandex (0.05 mA/cm)

Zn@CNF/PANI@CNF 145 mA-h/g (0.2 A/g) 58.8 W-h/kg 75.1%/1 000/0.2 A/g [21]

. . . 3

Zn-CoNiO,@Ni(OH)/TiN@  314.96 mW-h/cm 20.04 W/em® 88.6%/5 000/ 3mA/cm®  [22]

Bi, 04 (3mA/cm?)

Zn/MnO,@A/s 166 mA-h/g (70 mA/g) 0.2 mW-h/cm Not rechargeable [23]

CNTF-NCA-Ag,0/Zn 1.03 mA-h/cm?(0.5 mA/cm?®)  14.4 mW-h/cm? 79.5%/200/0.5 mA [24]

Ni-MOF-74@CNTF/Zn 108 mW-h/cm*(0.5 A/cm®) 186.28 mW-h/cm® 87.66%/1 000/2 A/cm® [25]
MOEs 36,0, NSs@CNTE/

34 . —

Zn@CNTF 158.70 mA-h/g (1 A/g) 97.27%/10 000/1 A/g [26]
Liquid  EGILM/O, 214.8mAh/g (0.5 mA/cm*)  303.2mW-h/g - (27]
metal  PANI/Gagglng,Sny, 223.9mAh/g (0.2 A/g) 4300 mW/g 80.3%/500/ 0.2 A/g [28]
NH,* CF@NH,V,0,,/CF@PANI 167 mA-h/g (0.1 A/g) - 73.3%/1 000/0.1 A/g [29]
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LIBs—Lithium-ion batteries; V(x)—Voltage between the fiber electrodes; p*dx—Resistances of positive for each unit length of dx; p dx—Resistances of
negative for each unit length of dx; I—Current; Z—Polarization resistance

6 LFAEA ™ T2 (a-i) 3D FTENLFAErL: (a-il) ZFAEHM SO A /R R s (b-i) FIORM T 2P 2F ity s (b-if) 2720k s gL 5 K
FEBRRAIR; () B i 4 bR i iR B e S A2 RS (d) IR R L 2R A 27 4 o T
Fig. 6 Fiber-sharped battery production process: (a-i) 3D printed fiber-sharped battery; (a-ii) Schematic illustration of fiber-sharped battery fusion with
textile™; (b-i) Fiber-sharped battery production by sizing and coating process; (b-ii) Theoretical model of fiber-sharped battery internal resistance and
length®; (c) Schematic illustration and electrochemical properties of stretch extruded fiber-sharped battery™”; (d) Schematic illustration of fiber-sharped

battery solution extrusion process'®®!
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