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Figure 1 (Color online) Development timeline and structures of fiber batteries. (a) Development timeline of fiber batteries. Lithium-ion battery based
on spring electrodes™; lithium-ion battery based on carbon nanotube electrodes™; zinc-air battery[zo]; lithium-sulfur battery[sl]; lithium-air batterym];
aluminum-air batterym]; aqueous sodium-ion batterym]; nickle-iron battery[m; zinc-silver battery[36]; nickle-cadmium battery[m; zinc-ion batterym];
potassium-CO, batterym]; magnesium-air battery[40]; rechargable calcium-air battery[m. (b) Twisted structure of fiber batteries'” . (c) Parallel structure
of fiber batteries'”. (d) Coaxial structure of fiber batteries’”’

2674



P A

RN S SR AE ) — AR b, XM BT R XAk
I AR I R B R . SR, T BRI Y
BYHGE, XA RS TR s i R B2 Sk
PERJEL I, R FL M ERE. [RIhAS A R I SR FH S kG
HRAF R, RN R AL, R T INGE
fiRe, BJe R EANZ L. XA RO T RE
PRAE R A [ Y R 2 i, DT g L b ) R A = O
SR SR, RV R I i R AR A 2, R
AR T2 AR L ] o R v £ L

B L A R AT MR AR, A
AP O T I AT OK, AR e T e, REde s
FERNE: VA, P ATES R R R PR I3 T X R A
PEAT R RN, TS I ) Al 27 4 DO A — T R
AP T IEREFIRRSETE. AR T AREE IR R AL
LA AL, LB THET 2 v A BE AR R REFIE R, {2
TEAS RN 5 vh A% SE R BV .

2 gppitityHLfE TR RE

3t 1 Hh AL 2 P R R O M R AR, EAR R
FE LRI T TR B 04 A . B A AR 2 ]
G R AR 4 o 1 s SO )
AN, B, SRR T AR A S8
By T SR R S A, TR K
FEJ7 T ARG AR, T A e A h T R 2 i )
BELJ7, ATHT S0 FL v (R (R PRl HLuk, 2T 4irp it v
e R B E R, XA B A AR A T
BOMOPRRL. 2 I ] BRSO e G R
BBIBELST, IR ORI, M TR 3t ) 78 i
BO%. SRR ST B T AR 2T 4 B P R
BRI DN 22, fE i e B, £ 4 M P R 232 B
PR PR S PRI E MR SR % Mk Pl b
LAY, TR SE T R RS, HE—L R
PR T, DTG Tt Fr b A2 S R 0%, A,
8B FH SR B TR ) — A e R, Tl
PESHR T HAR I B TAE M. R ERE, s
FUREE . BHEERARZS, #B2%T ot () 7 SR AN
PR E M A S SR

W37 R T L P S AR G R, RS
BTN TR, TSR m i, 5o
Py, AT B TR (E2(2), SR, SF4EH
2 S e T ST A AR A, X RRR
/5] M BB S B0 e F M ) S — B AL ot A

PETT S R R M TR, %o e T Y e Al e A
PRI M (E2(b)). X — A, —FR RS
Bt Z LIRS, 2L AR R I A
WM R MG, 88 TS T B A R0t
TR, AT/ A 15 5 T i R B A0 . X Rhisit
A B TR I 0 A, D H R ] A, T
v L R AR, SR, H AT TR T
SRR HIBESE AL TR B, BRE AT RIS R
I AEFE—E 25 1. TR AFRAH H 37 76 27 4k v b o 1) L
PRAEFIHLEN, A4 350 B A B L 5 b e
PERR BRI EAE T, X T AL H R A vl g 2
.

LT F Yt 4 P AL 2 M RE RV RE 32 0 T ok i Rt o e
PERBRIA. LT 4 R B A SRS AT 40 PR, BT
ST YL TC LA LR (1K12(c)). L T2F 25 5L 14 i
JAEREFI PG L LR LI, (E IV A A 2
SIS B 0 1E) BT, AL B, TG T 4 L G 1 Fh AR R R
T XSGR, (E R 2 I )RR
HUPE. LT A RL S A 4 v R BT Y S i T 4
VERIEIE, i3 Z R AR TR S BUE M R 481,
G0, RV AE 1 7E S o 2T 2 FE T AR B IR V)
BRI LAY Ak SR RIK SR 1 S M
VAR AR LT A R UUROE M, W R 1
FT TG VEY) B B A B AR S5 A 0, e e UK
YA R RIR G, BORE SR, %
M, X7 4 LT A R PR S IR, S8k
PTG ], M A Al o ) H AL RO, et
O 11 PR ) 4 T 2 LT P BRI 5 43 T A
JEORE, EIEFTERC. g Ry 4. gy
241Dy AT AR, X7 B 3E T 7T LA
SEIEVERR A B, E A T AR 8 T RE
BRA T I VERR R 754 I, [RII 5 43 T i e P
T RERBE RS HL T A A0S, R T SERax el i, —Rh
s RS SRS A ST, @RS Ll
P, BEARR 2T 4E B MU BEFIRL i, SR T Sy
W, M B AR T T 24 s 0 i S A

LY b b R T OGS, A LM
LR AL P R A TSN, A48 1 - T FEL Y 3
Ho PSR, SR, X P4, s H iR
R FAEAE TR IR, D b it 5 i O T i e 8
KRG A PR R, A Y e it R SR PSR
AR5, AT 200 B FL B P RS D, 2 4 v

2675



M4 %80 & 2005868 H£70% £17H

(@)

Planar Curly

Vs.

Curly interface

(©

Fiber-based electrode

L 4 @ .

Coat/deposit

@ @:

Fiber-shaped electrode

(e)

Poor ion migration

Gel polymer

Electrode Electrolyte

Detachment

Uneven distribution

Current collector

(b)

(d)

Free-standing electrode

(®)

Insufficient wetting

Polymer chain lons

Bl 2 (RIZ8 R () A et P AT (L4, (a) P IR R (Z0) S EF Ll i () B FEB R DR S LLAR. (b) SR dEra it P L A R DL (o) 2E T
RIEFAER T RN B IEL. (d) ST RET 4R FOR IR (o) BB AR BT rh s T n . () RIS F e 55 F A g 5 T 1 . s 2 1
Figure 2 (Color online) Charge transport in fiber batteries. (a) The planar interphases and curly interphases in planar batteries (left) and fiber batteries
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Progress, challenges and opportunities for fibrous batteries
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With the rapid development of wearable electronics, the demand for flexible and portable energy sources is on the rise.
Among the solutions emerging to meet these demands, fiber batteries stand out for their remarkable flexibility,
extensibility, and compact dimensions. On one hand, the unique high aspect ratio of fiber batteries brings outstanding
flexibility. On the other hand, it poses unavoidable challenges in terms of both electrochemical performance and
mechanical properties. Despite progress in fabrication, design and novel components of fiber-shaped batteries, previous
reviews have not focused on how fibrous structures impact battery performance. This review aims to clarify the
relationship between the high-aspect-ratio fibrous structure and battery performance to pave the way for designing next-
generation fiber batteries.

First, we look back on the historical development of fiber batteries and highlight their pivotal role in wearable and
implantable electronic devices. The historical context highlights the evolution of fiber batteries from novel ideas to
practical components in advanced flexible electronics. Subsequently, we discuss how the fiber structure influences
electrochemical performances of fiber batteries. Key factors such as electrode reaction rates and charge transport efficiency
are examined in details. The high aspect ratio of fiber electrodes causes uneven current distribution, leading to non-uniform
electrochemical reactions along the fiber length. Additionally, the highly curved surface of fiber electrodes induces non-
uniform electric field distribution among the electrodes, which adversely affects ion transport efficiency. These structural
challenges highlight the need for innovative design strategies to optimize the electrochemical performance of fiber
batteries.

Furthermore, we address the current limitations in fabrication techniques for fiber batteries. The challenges include the
instability and non-uniformity in producing fiber electrodes from powdery materials, which often result in inconsistent
electrochemical performance. Additionally, there is a critical issue with the insufficient ionic conductivity of gel
electrolytes, which hampers optimal ion transport within the batteries. A thorough understanding of these fabrication issues
is crucial for developing effective strategies aimed at enhancing the overall performance, stability, and reliability of fiber
batteries, thereby advancing their practical applications in wearable and implantable electronics.

In terms of mechanical performance, this review examines the intrinsic flexibility of fiber batteries in various scenarios,
including their integration into textiles and implantation in vivo. We discuss the dynamic robustness of these batteries under
repeated deformation and the implications for battery durability. Enhancing the mechanical robustness of fiber batteries is
essential for their practical application in flexible and wearable electronics, where they must withstand constant bending
and stretching.

Last but not least, we focus on the unique advantages of fiber batteries for power supply in wearable electronics and
implantable electronics. Their compact and flexible nature makes them particularly suited for these applications, providing
a seamless integration with the form factors of edge-cutting electronic devices. Future research directions are outlined,
focusing on innovative fiber design, a deeper theoretical understanding of the electrochemical and mechanical interactions
within fiber batteries, and advanced fabrication techniques. These advancements will facilitate the broader adoption of
fiber batteries in the future, driving innovation in the realm of flexible and wearable electronics.

wearable electronics, smart fibers, flexible batteries, fiber batteries
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