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Abstract

Aqueous zinc-iodine batteries suffer from severe issues including polyiodide shuttle effect, active
material dissolution, and poor mechanical flexibility of conventional rigid electrodes, which lead to
rapid capacity decay and greatly restrict their practical applications in wearable devices. In this
work, a flexible self-supported nanocomposite (Fe-ZIFB@CNF) was fabricated via electrospinning
technology. This design integrates the confinement and electrocatalytic advantages of nanoreactors
with the mechanical durability and optimized ion/electron transport properties of the self-sup-
ported framework, thereby effectively reducing the interfacial impedance of the current collector.
Consequently, the Fe-ZIFB@CNF electrode delivers outstanding cycling stability (600 cycles at 10 C
in soft-pack batteries) and superior specific capacity (193.94 mAh-g-1 at 5 C). This work offers a
scalable and innovative strategy for the development of high-performance flexible electrodes to-
ward aqueous energy storage systems.
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IK AP AR R L s B A B L AR A N AU BEBOR AT i 5 [1] [2]- 28110,
AR GEIE H AR AE T 25 il S (SRR TR IR AR OV TR 4 M A€ » 5 3 BUPE RERE0R[3] [4]- 5 B IR
A R IEAFAE 2 TS T 2 MRS kW) 5 s AR <5 ) R [5] [6]» 38 Jl 2 B DR S i 5 R A 75 i A J [ 7] [8] -
HT IR T R GRS AR B M S R AL AR AR S MR R S BE A RE, M SEBL s AL R A e e

FERF R IE AR A PERESR T T T, AT 7T 2 SR A v LU R T AR BROR ) DA s ) BR R PR BE 7 [9] T
SR TA5 2 8 o S5 A R AR A I S5 R BE[10], SRR 3 1Ak 5 AR ML A A A DAY T 2 I
TR EAE [11] . IXEEHSAE e R Lt DS e B AR 2, IFE— e R B 1 RN,
EAEAE XE DL IR et o PRI BE 70 5 e RCHEAE B, ELAR 2R 10 A1 PT RE 3 BU AR 52 PR . 99K s
PRIV NG FIRA R ERAE TR S A G SR R [12] [13] . G 7E YN K R R A LA IR 3 TR R AT R L AR
I iR i, AT CAAE— e R L B 20 AT S 22 BB 28 7 I 0 A 53T A%, AT Isc s 2 ) ey it e 1)
IS U G RO R ARSI [14] 0 BRAh, SR B L 25 25 K6 14 PA) B ol LI 3 T ] S NI 4L 70
SRR i S BRI S AT s, A BT B B ML RE 28 253 3 g 22 AR [ 15] o

JAE YK I N 5 RE 8 AE MR B AN (AL 77 T RE 06 DAL IE VR RE AR GUR ACIRIE VE AT RHE SE PR e vh 4%
AR 5 B R SRR ARG 4557, XA R 1AM I S FHT I FEAR T IS PR R RT =R, [RII BR 17 3%
Ve BERS R IO R [16]-[18]0 SR1E A S RIS A MR IR, JHIL B 5 T f i SR AT TR B S 1 H 1A%
SML, AR DT 2 SLAT Y4y B T IR A fid i, S B RES DRk BIA i A
Ko TSI SOSGE R [19]. SEEERE, T B SHEEMEZ TR NS i, & TR IR A C B
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BT B ST 22 BRN Fe-ZIF8 9K [ B ds i N AT B AL LT ERT IR v, vt A T J AR R 1) 2 LI
2, SERLCERTARSHE M ZRNES 1 o IXFP S R IR 9K S L 4% (4 BRASURT A 18 3 5 21 B SCPEAE SR
HUBRIS AVE RS DA AR 25 1, S0 e LU R THTRR 19 22 FL A5 AL LA 96875 T 67 sl O B AT 22 B 8 i, mT il
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2. SEIE53RAE
2.1. Fe-ZIFS &R

3.94 g 2- FHELBK VA T 300 mL FEE R, S SIEINA 3.39 g /N/K G IR EE Zn(NOs)6H,0 7533
W A. 100 mg JUKEREIREL Fe(NOs)s9H,0 FL[RIVAE T 300 mL HIlEr, Hiffk B5E 2V, 152
B. R A S BIRGHHE 12h, (M LRI )E 5 BRI 60 CHET 24 h,

2.2. Fe-ZIFS/CNF Kol

¥ 0.8 g Fe-ZIF8 5 1 g PAN AT 10 mL DMF &, WS RIEE# 2R 50°C a4l
FE12 h, RGBSR 2. I 19 S5kt T b g 22, HRMA4EER 25 7E Ar 50K
T, BL5°C mint fiE RS8R S 800°C, iR 2 h J515%] Fe-ZIF8/CNF.

2.3. L@Fe-ZIF8/CNF By#I&
PR 5 B Fe-ZIFS/CNF @i iZ v S W, LT fE sl & 3% A 1,@Fe-ZIF8/CNF.
2.4. MRS HMRIEREBAZMNR

AR A R R {3 | TESCAN MIRA LMS FESEM (F14# B 7 & 455 (SEM)) . JEOL JEM-2100F (3% 4 Hi
TR (TEM)) R X 5280 FL 7 BB 1S (XPS) % S 45 K4 R G 3 B4 HEAT T 3RAE o A8 X S 2 AT 54X (XRD,
Japanese MiniFlex-600 )45 £ AF i AR BEAT 450041 4 H SDT Q600 #4H 4 #T 3 7E S 4R HE AT R 0 #T
(TGA), M#EZ N 10°C mint. 48 A Micromeritics ASAP 2460 {3 #3751 ZUR JE (77 K) T 10 58 W B/
. AH BET AR GERTA . LA RN S A 2 M ZnSOs Jy LRI . BEIET 4E i
NBRIEL, 7E 2025 BN it 34T 2 R A, T HRAEINR . IR 2V (CV)IlliR(0.6~1.6 V) FIHL
e 2ZBH PTG (EIS)IK(0.1~100 kHz, #RME N 10 mV)TE AL 2 TAESE(CHI 760E) kT, 7EHIBIK RS
(Neware Technology) 34T 17 GITT Wik, fEy 78 A . GITT M 100 mAg™ (1 ki FLI
H 5 o3l iyt T[] FH 0 S TR B

3. %R 5118
3.1. SEFIRAE

1(a) 7 TR NHTIRAR I Fe-ZIF8 4K dib A& B34t 7 WA (SEM) &« o] WL, TG ) Fe-
ZIF8 BILH MNP + R TSR, kifed—, RSFZ2974 50~80 nm. [ 1(b)/2 i %= ¥) Fe-ZIF-8/CNF
1) SEM EIg, TEMih R R T AR EF 4EAH A2 S BN = 4E 2 FLINER 450, TERR T SCRERI R M 22 o
NT DR N RS AN A, FRATE I I S F T BB (TEM) X AR A oK £ 4k AT 1 g2 (14
1(c))s SEiHRELIR Fe-ZIF8 4K N 23 1l A A Btk T Bk A K £F 4E IR N30, TESEThRE o 54 T L idAk
ZIATER T R M B A 450 . Wl 1(d)~() iR, REEEH X HEbEEDS)HR T C. Ny O, Fe st
RAEBA LR IAEFII S o0 AT, R & T Fe-ZIFBICNF A1 Kl
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Figure 1. (a) SEM image of Fe-ZIF8; (b) SEM image of carbonized Fe-ZIF8/CNF; (c) TEM image of Fe-ZIF8/CNF; (d)~(j)
EDS elemental mapping images of C, N, O and Fe elements in Fe-ZIF8/CNF
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Figure 2. Characterization and analysis of the chemical state and coordination structure of Fe-ZIF8/CNF: (a) XRD pattern; (b)
Raman spectrum; (c) N2 adsorption/desorption isotherms of Fe-ZIF8/CNF; high-resolution XPS spectra of Fe-ZIF8/CNF for
(d) C1s, (e) N 1s and (f) Fe2p

] 2. Fe-ZIF8/CNF RS RECILLEAIRIER 3 47: () XRD Eli; (b) RBHIL; (c) Fe-ZIFS/CNF A N U5 Bi/Bie
Mi&iR4k; Fe-ZIFS/ICNF IS 73 ##3E(d) Cls. (e) N1s FA() Fe2p XPS i
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2(a) ¥ Fe-ZIF8/CNF 5xf LLFE KB (B 8) 1) X 275 (XRD) K3 . —#I7EL) 25°H 44°4b 2
B A TE A AT 06, 43 00 BT SR Y (002) AT(L0L) b T, 3 BHA R A R e A5 B &5 it B 0
45KJ[20]. HEEWZ, £ Fe-ZIF8/CNF EIE AR ML S ZIF8 di A ul 4 J& Al S I BL AT I, IXIE
7 MOF A RARTE sl AR I 72 b 8 OIS B 48, BRI RIAE B LA o S 300 HE o B2 20 U IR
A[21]. FE 2(0) B i A AT b R A SRR BRI S R . BIANRE 3 Bon T2 F 1350 em 1) D
a7 (R 45 W e R PP ) A 1580 e 1) G 7 (T sp? 22 KRR 1R 3h) . T8I THE D W55 G 7 15 b
(IDN1G), XKW, Fe-ZIF8 15| NFIIARIERRAF 4Erh 15 3 T & L5 M BRI, B IGAr fUA A A
P RN R P o, R 2 I R B S AL . 1] 2(c) ¥R, Fe-ZIF8/CNF S H LB 1V BY%%
TRERAN H3 B G 3, B FLEER, H LRI ik 329.27 m2g. FLAR A i 4 (i ) gk — 2D iE sk
TR AT E & A FL e X P bR TR R 2 G FLIE 25460 8 FR AR VR 78 /I3 B 1 I s A
DA B ol i A BE PR SR (3t 1 FRAR K 45 F 3L Rl . XPS #8751 Fe-ZIFS/CNF #PRH AL 2R . C1s
(1 2(d)) &~ C-CIC=C (284.8 eV)H1 C-N/C=N (286.5 eV)Pi4> T4, iESZ N oE OB FmE T .
N 1s JaE(E 2(e)) rT AR & W MEnE-N. HERE-N. A AE-N. SEA0-N DL Fe-N 252 Fh s i i[22]. o,
Fe-N #8f H LR Fe-Ny AL AT B T B BEIEHE - Fe2p Jeith (4] 2(f)) B T Fe? . Fe* LA K /b & Fef
HAFHIZNREE, FEAEE AR DR . X2 MR, Reilds N BCATE RN Fe-Ny 2514, #
PN o R A TSR A 38 SR S PR SRR 1k e e[ 23], S IRk AR A A% o BRI SN A 22 % v B AR IR B i
PRI R o

3.2. BBALFEMEEMLK

NT SRR AR Zn® Y BRI R IE R Bh 1%, 7R 2~10 mV-sTh [OR [RIFHE R R
I,@Fe-ZIF8/CNF. 1,@KB HL#% 1T CV Mk (K 3(a), &l 3(d)), #HET L@KB Z Lk, 1.@Fe-ZIF8/CNF
F R PR A S W TS B A0 R, LU LAy 222 B B D i 7 K e B kb . X —IRAE CV S5k
EI(E 3(b), Kl 3(e)) 43 25 B ENAIE, BLHEE B 1 H AR R 1) Fe-ZIF8 9K S BLER T 1712 4k [
A S AL TG, MO RS T OB AL . BT R SRV RERR i = a TGS, |
Kl 3(c)rT 13 1.@Fe-ZIF8/CNF [I%H 1LV (Peak A) 5 ik 5% (Peak B) 1 b {H 737124 0.752 1 0.641, ¥J4+F 0.5
FHdzh)S 1.0 (RAEH) R, U8 H a7 Y SOt 72 5 I e A R b Rl susk[24]. AHEEZF,
1:@KB ] b {E (4] 3(f)) 53714 0.698 F1 0.566, % 1A T 4530 4 Hidz i, M Ho 3l )y 2% 0 5 2 AR A3 B R 1 o

BB, FIH i = kv + kov 8 R 5 B FHTIE T 1 A STIR 5 B oTiEkon LA DTk =R (4 3(g).
KE3(h)) . 7E 10 mV-s (1) =438 T, 1, @Fe-ZIF8/CNF FEAR [ HL 25 5T Rk 2R =138 73.37%, X H Al T Fe-ZIF8/CNF
(1953 25 % £ 5 HL I 48 By SR () s m] 4 LR T AR, DL R Fe-Ny SEARME . S PEAL s 0T ) Fh B0 R 2 5
PR S B TR A, AT AR R B AR 5 R OB RE 22 . AN, JEIE GITT MNA(KE 3(1)% M 1.@Fe-
ZIF8/CNF 48 T3 BUAR B AE 10710 F 10 em?s T P, SR UE B 7 e p s S 41 4R i) = 4E 2 AL
W4, NE TR TR “ B AR , R T RMEE ST, i MO th R B YU
R I

N T AHRTT 1:@Fe-ZIFSICNF B4 IR AL =R, #E47 17— RAIEAL =N, Bk, ik
PUE(EIS) (K 4(a))4E7 T AT R85 12, 1,@Fe-ZIFS8/CNF ) Hi faf #% % HBH LA, 3 VA IR T e p 5 i ik
1) Fe-ZIF8 4K S 8 & Xof B 30 J5 B S R ARG S FL AL G 1, =4 3 FRL I 8 3k — 20 el 17 LA P9 HL AT 1)
R o IXFNB) 1 E A E R DU L LR s e v R L. & 4(b) R, 7E 2C & 10C AR R R,
l.@Fe-ZIF8/CNF HLMRLE AT A HLit % PRI ZE & T 1.@KB HARF A& . EMELE 10 C K& 53
N, HAEVIRYERFAE 1558 mAh g, Jf H YR HEKE 2 2C i, HEJLTEAKE, BaBirm
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UL B SCHETE £ BB TE LR UE 25 10 58 BEME RT3 T SEOl mid MEI I a3, a4t 1
ViR FERE . B BCEXT (A 4(e), 1K 4(H)HE7REEE 48h 5 1,@Fe-ZIF-8/CNF HAT B M A R EFR 5 /Nl
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Figure 3. (a) (b) CV curves and high-line diagrams of the l1.@Fe-ZIF8/CNF electrode at different scan rates; (c) linear fitting
plot between peak current and the square root of scan rate for the l.@Fe-ZIF8/CNF electrode; (d) (e) CV curves and contour
plots of the I.@KB electrode at different scan rates; (f) linear fitting plot between peak current and the square root of scan rate
for the 1.@KB electrode; (g) (h) percentage of capacitive contribution to the total capacity at various scan rates; (i) GITT
curves and zinc ion diffusion coefficient

& 3. (a) (b) l2@Fe-ZIF8/CNF EBARFEEAREFIHRE THI CV hzk B, SLE; (c) 12@Fe-ZIF8/CNF BiRIEER RS
SRR A RNEMIAE; (d) () LOKB BREREIHEER T CV tikE., ZE%E; (f)1.0KB BiRIEES
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Figure 4. (a) EIS plots of l.@Fe-ZIF8/CNF and I.@KB; (b) rate performance curves of l2@Fe-ZIF8/CNF and 1.@KB. (c)
Charge/discharge profiles of l.@Fe-ZIF8/CNF at various current rates; (d) TG curve of l.@Fe-ZIF8/CNF; (e) (f) Self-dis-
charge profiles of l.@Fe-ZIF8/CNF and I.@KB after 48 h of standing
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Figure 5. (a)~(e) Digital photographs of the electrode during bending and rebounding under handheld conditions; (f) Long-
term cycling performance of the l.@Fe-ZIF8/CNF soft-pack battery at 10 C (Inset: voltage profile of the soft-pack battery)
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K 5(a)~(e) ELMIML B R 1% B SCHE AR IRAIL 7 IO WUBER PIE o W0 BRI , iZ AR AT LA 52 T JE(07)
325 1 (45°) T = HLH(90°) & — RAIMINUMIE AL, FFAESN IR G R E BAUGTA, AR MR Wi
RO IR X0 RN 521, IR T BB SR A K LT AEAN TR SR RN = 4E R 28 458, 1%
R T 7 BRI S AN G A SE B, R SCBLSRIE AR RE I BN BAh, BT AR TR
BEL R, ETEYI AR R 2.0~3.2mg-em ™2, R 45 pum, FERFILEET TR REI. dn ]
5(A TN, 1% 850 R 25 HE (D R R o, 76 600 YRR A It FE e, L b x B e 4E 7540 125 mAh-g L,
HEECRCRIGEARSFAE LI 100% . 1% H 343 r AR R S 78 v I A v R A e B ) 30 ) R 2 U
BURHI RS TR 48 B i s i 122 B SCH s MR RR SRR Bt TARIRAS T, RRUE iy 1.22 v (0T
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4, &Eig

AW FEBT T & 7 — M EE R Fe-ZIF8 ATAEGNAK I N 45 1 H SCHEBR N K 1 4E 2 1 FEL A (Fe-ZIFB/CNF) .
% LA 1) 540 15 T TR IF E6T 7K 28 3 T P b BT TR I P P A 2 AN R e PE S U IR AS R ) 1) . SRS 25 51
R, ZHEM NI Fe-ZIF8 T RN f B 5 188 ok Py W B 55 Ak e A, A b 2 T R M 2 k),
REAE] T FERNL [FIF, PR E ) Fe-No A7 sS FRAK 1 F A 55 B8 HBH, 132 52 PRV RI T 48 I 245 O L
BT T MR, EFSGE TS IE R BB 1% . teAh, BRI SRR I
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