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Abstract

To address the urgent demand for high-performance electrode materials in flexible supercapaci-
tors, this study employed an electrodeposition method to in situ grow nickel-cobalt layered double
hydroxide (NiCo-LDH) on hydrophilic carbon cloth (HCC). The effects of deposition time (1000 s,
1500 s, 2000 s) on the morphology, crystal structure, and electrochemical performance of the com-
posite material were systematically investigated. Characterization via scanning electron micros-
copy (SEM), X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS) confirmed that the
material synthesized under 1500 s deposition conditions exhibits a uniform nanolayer structure,
high crystallinity, and excellent Ni2+/Ni3+ and Co2*/Co3* redox activity. Electrochemical testing revealed
a specific capacitance of 1588 F/g at a current density of 1 A/g. After 3000 cycles, the capacitance
retention reached 74.7%, demonstrating excellent cycling stability and fast charge transfer kinetics.
This study validates the feasibility of using electrodeposition to construct structurally controllable,
high-performance flexible electrode materials under mild conditions, providing important refer-
ence for the design and development of high-performance supercapacitors.
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1. 51§

BEE RE R AF 75 SR I H 2 9, B A AR D S D 2 B L PR A TR e R A 3 i T 4% 52
FE[L]-[3]0 HARABME v e AR RE R O, T 5 6 RIS U G [4] . B8 ZIRNEE W)
(NiCo-LDH) A H:=F & F S8R JR s 14« i AR VE L 2 R RT T 10 2R G5 48, A il L7 0 1 % e
FHMAM B SR, SR PERESZ B & 7 A R S [5]

FE 4K FGE B & B PERE NiCo-LDH, {FUIE OB T il s R 3RS, [ S [, B LS4
WIS 5 ) SR R 3, JUHAE R B (i AT) b 5 51 AR 45 #4507 it R AN 3 [5]-[11] BRItk K —
FRRAN . AT RA O PLSEEL NiCo-LDH 7R 14 S AR I &) i S a5, BonieAH i
YRR E ELR A [1] [12]-[14].

HLTTRBENE N — RO S & B, FEERE S BTy 5 R8BS e i 50K, Bf
S GEATIRAN . BRI 50 TSR AT s S AR I 35 [5] o 1207 1AL e T8E B vl oy S M ik R 45 A AR ORS
AT R AL TR R R AL R S T BE[15]-[17], FEUETE S NiCo-LDH H SRk & # . gk 5
NFTRE, WA R S8 8sh /155 B s 18] [19].

YTk, AHEFUR A B PURRVEE SR K B5A (HCC) b JF A A K AR B S L P (NiCo-LDH), REE# %291
RIS (DS AR 548 T 37 A8 S FAK 7 P R XD 52 M KA [19] » sl 4534 FRBE (SEMY) « X i 42 AT 5 (XRD)
X St LT RE RS (XPS) 5T BOM A MR T MR AL, & BhEIAR %2 (CV). 1E L 7815 H.(GCD) A
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LU PLEIS) S AL E I, IR AR TUIL AT i 75 5 P A REA LA 5 P RE R B,
A R RHR RT 2 A B S BRI KAR 5 SR 2 [20]

2. LW
BRI EFRES AN SEFRERESHH

45, FREL5 mmol Ni(NOs)»6H,0. Co(NOz)26H20. Ni(CH3CO0)24H;0 1 Co(CHsCO0),-4H,0 ¥
fif T 100 mL 2585 F-7K, 87+ 30 min il B H AR - KRR AL S RS KB ATV S AR B, AR (Ag/AGCI)
HUARAE AR, B 1E A% dl, SRAE A MN-1V s AT U0, ORI TR 51024 1000 s, 1500
s £ 2000 s.

FRUURRSE UG, PR JE /K SR 25 B 17K 8 43 e sl K AT 3R T, ARG CE T s T8 o,
{RFFIEE N 60°C RS T/ 12 h J5, BIW3K#3 NiCo-LDH/HCC.

3. LR5VHE
3.1 HmRIEDH

K 1 AL TURR ] ) NCL/HCC Eat R g, WA 1@)~(c)r & i, BRI 4Egi
AWML, EEROR TR ER I MBS B 2O e B QU E, B REBOR M2 458 .
SLESHR T3 R R A PRHIUGEREE , SR N A AR T 3 2 RIS VA . 3] 1(d)~(PRE
2, SN AR DUBUR B 9 R 5 M X, FERA T 4RI IRV -« SR B IRRTR AR 41/ ),
A HRGRR, A I ZR AT T AP 4R . XU SR E UTAR I, TORR B 2], LR
R ELEOR o TS 3 e LA 2 S I P A i RE P RE AT 5 o SRR 52 L A0 K PR AR B0 490K P AR 1
4K, RERRAE R R BRI i, HA RGNS, X RHIISR A 72 RN, A
S PTEMIER 7o RUTRRIEIR O 1B R O UTARSY SOPEAS B2 ] e 77, G 25 ) DUAR HL o B AT (],
REG 17 S LB A A A BRI D OAR R O 5 4, HETT SN AR S fa bk o BUERTIAR . B8 19 HIGE R A5 R RE

Figure 1. SEM images of NCL/HCC-1000s ((a), (d)); SEM images of NCL/HCC-1500s
((b), (e)); and SEM images of NCL/HCC-2000s ((c), (f))

[#] 1. NCL/HCC-1000s #4((a), (d)) SEM [Elf%&; NCL/HCC-1500s BI((b), (¢)) SEM El{%;
#1 NCL/HCC-2000s Ei((c), (f)) SEM B

TEANF PR T 264, NCL/HCC HURRAM RIS A B X . Wil 1(a), B 1(d)fiw, it
FRRS A 1000's B, NCL/HCC HLARAFEIGR M REM R SE & H 7, RIMBONGHE, A4ERETRE
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IRUZ A e A, X TR MR B S0 R A e B R = AR s . sl 1(e), B 1(F) AR,
BEE L PURRI TR B, 9K 4Eia T35 5 BHE %, TR A MECE, B RO s rRHE &0
T HARMORLFLB B I RRAS, HE—DARAE T FRARARL 0 S R R, TR T R AL S TR R

1B X-BH AT (XRD)FEAKHIT i 25 I A MR db R 254 . S0 ah Ran &l 2 Fros, ATiig o
TERZ) 20 = 27°F1 26 = 38°, XP MK 5 Co(OH)2 Al Ni(OH), FIRFEIEARXT N, 4355 Co(OH),
(001) A& THI A1 Ni(OH), HI(101)da A K. FFH, BEEMRITRIIIEZ, H NCL/HCC-1000s (¥ 5 il 2k) 2L 3|
NCL/HCC-1500s (£LEaHI£R), ATHTuEiSigArag ., X muRE 7 TR B i e, SR S & E b
BRI 4 b BB e T, Bk R AR A T, R BORMATIIESR A . A NCL/HCC-1500s
(ZLtth2k) 3] NCL/HCC-2000s (Rt 4k), AT v HIgss 1o X2 O TTRR I TA) K Bl #4
MR, BUE SRS A A E T

— JCPDS 45-0031
JCPDS 19-0142
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Figure 2. NCL/HCC XRD spectrum
[& 2. NCL/HCC XRD [Elif
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Figure 3. XPS spectra: (a) Ni spectrum; (b) Co spectrum; (c) O spectrum; (d) survey
spectrum
& 3. XPS £ : (a) Ni EiZ; (b) Co Ei&; (c) O EiE; (d) £&if
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Wi 3(d)FrR, B X-GF 46 BT RE RS (XPS) /M e 2 & 44 F NCL/HCC F % C. O. Ni ffl Co
M. TENWKE3(a), 7E Ni2p FRFIERE B A n] DO EE tHIX = FhAhkL /£ 856.6 eV (Ni 2p3/2) 1 874.4 eV (Ni
2pL/2) R PR E U, DL AR TR, S5 5R0R R 1 NiZF NSO R, nls] 3(b)BTzR, 1 Co 2p %
TR, Co 2p WEL 17> ZEBE R IR AU S A E 2L L Co?* M7AE . JLT Ni2p #54k, Co 2p ik tih
LT A, X T A A EGE JE R ST SR R H - ERIE N . 7E O1s FRHIE BT ] 3(d), 7E
530 eV LA GIE S E AL WA E T (O )R, AR AR PSS, £
532eV A1 533 eV I HI9EL A Ui i S e AR AR B 1) 48U 1

3.2. EEMNHRNLFEMRESH

(1) MR 2L

FE = HIAR AR AR RAIAIAAR 23206 il 26 (1) AR A RLEAT MK (P8R 5~50 mV/s, HLIE N 0~0.6
V)o ZBHE 2B IR IERARTEE, RYIMBLEA SR VAT 00, JF B A IR A 0
JE AR R EAE R . BT RORHR AL S NG, CV T ERAE AN R R R B — U 7%
R, IR RHE DU T8 ORI R A IR FF T R GF I LA TERE .
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Figure 4. CV curves at different scan rates: (a) NCL/HCC-1000s; (b) NCL/HCC-1500s; (c) NCL/
HCC-2000s; and (d) comparison of CV curves at 50 mV/s

E 4. FEHHEERETH CV Hi%k(a) NCL/HCC-1000s; (b) NCL/HCC-1500s; (c) NCL/HCC-
2000s #1(d) 50 mV/s CV Bz 3L &

K 4(a), & 40b), K 4)rHERT =R CV M2k, @it W kB 0.2~0.5V K HEIEE N,
FAbIn SR RIECON A FRIER, X EEE E T NiZ* /N Co?*/Co® 2 Al B IE IR N, 3L A (1)
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H, &b

Pt N9 AP O = S U 1 SN Y Y U o 7 RS R 2 SR 22y P R R A S P P SRVA 2
—IL R EERAAE R AT =, AR SN SR, 2 A I SR

Co(OH), ¢> Co® +& +20H" 6\

M(2); BRI HERN, HFEEIA, AR A K. ZHER, HRTE TR ok e
X

Ni(OH), <> Ni** +&" +20H" @)

Kl A(d) s TAEAFEZ N 50 mV/s B, =FAS [F] At RHE) CV i Zexs . anE s, NCL/HCC-
1500s f) Hh £& f A7 B & Eb NCL/HCC-1000s F1 NCL/HCC-2000s %k . %5 6 fy FL TR S 6] (1000 s) ] R 53k
PRLR B8 78 70 T BB AR I oK G54, SRTNEBOREHE, AT S2 M L sk 2= M Rl o T S5 K P R R B 1) (2
2000 s)FJ RS HOMBELR I 45 i R A8, PR AR TE 2 A SRIG BN S TRUZ,  HTRR I R) g 46 Bl
K AT BRI I SRR R OW 45 74 51T 52 M L B 22 4T S . NCL/HCC-1500s (14 FL R B )30 545 22,
SREEWEYS), BARIE R A, 176 CV L FIRIMEAE K.

(2) THIR I HIE

TE =B RN, SRR 78TOV ) 4% (0 B AR AT It . (FIRi % B 1~5 Alg, L&y 0~0.6
V). Kl 4(a), Kl 4(b), K 4c)NARFIHRE RN NCL/HCC /) GCD Bhzk, wILLE 2 BE 3 F i 2 FE (1
I, FETSCR R AR . BN, 1 AJg TR E 2RO AR, T 5 AMg B, RS EENREDY, TRk
PR [ 2 E ek/>  pR FELRLE BT, PRS0 R R A B IR, X T E A R T TR PN S e s L
T2, (EH 3% B vy AL 25 P55 VT e ) F R S - O RORR ), s Eh b P LA S M R
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Figure 5. GCD curves at different current densities: (a) NCL/HCC-1000s; (b) NCL/HCC-1500s;
(c) NCL/HCC-2000s; and (d) comparison of 1 A/g GCD curves

5 FAEHERZE TE GCD #h%k(a) NCL/HCC-1000s; (b) NCL/HCC-1500s; (c) NCL/HCC-
2000s F1(d) 1 A/g GCD BhZkxt L &

{5

»
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GCD 2R T R MEAR I T 12 L FE 70 5 FL IS () FELAG 2 PP, AR AT DA iy 8 A7 i AR T
fif o 4l 5(d)Fm, 16 1 Alg FIRE BN =Mk GCD iZexttt. M AT LA & & ], NCL/HCC-
2000s 52 & AR AT B A R e B T, HL LS 7 (1 B FEL 2t K . 78 1 Alg HL I35, NCL/HCC-2000s
B AMRH L L 2%k 1588 Flg. HLREE IR 4 5 Alg IF, NCL/HCC-2000s & & 144 bb B 25 1 24 4
PR 2159 86.6%, BT HANABAIRL . % 1 VE4P) T ZEARF B35 B N NCL/HCC E &4k
() G 2R B . S8 E e Y FEAL A TTRR IR 45 () NCLIHCC E A4k, FEb a1, #8153
B2 )32 7+, NCL/HCC-1000s HLARE A M BRI LB A, KT RI#ATE &0 1) NiCo-LDH HEARA K}
ML RLAS,  BCVF AT RS AR 1) dib i 45 1 50 R TG VA Rk /D 3 1311 -

Table 1. The specific capacitance of NCL/HCC
= 1. NCL/HCC HtbB &

FHRLLE HL 2R (Flg) 1A/g 2 Alg 3 Alg 4 Alg 5Alg
NCL/HCC-1000s 823 783 754 734 732

NCL/HCC-1500s 1588 1511 1458 1417 1376
NCL/HCC-2000s 1183 1115 1067 1035 1015

(3) At FHATLE A A3 Il 3

(@) 3

(b) 110

—— NCL/HCC-1000s
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Figure 6. (a) AC impedance plot and (b) long-cycle test curves
[# 6. (a) ZARMIRER(D) KRN thsk

A BE IR AE TF G AL R HEAT, IRIBEEEN 5 mV, SREEM 0.01 Hz ) 100 kHz. 41/ 6(a)ft
/s NCL/HCC FIAZ it BB iE7E mAi X 3k, FHATHE 00 I R B AR, X — 85 BB T M kLS
HAL ARV 2 ) (%) s e F HIBH . NCL/HCC-1500s A¥: il A2 15 ELAR B /)y, 32 BHAZAE i 1 FL A A 4% PR BHLARAI
BV L A A T 1 R A 2 PR AR R L TAR IR RE 1. BN R B R R R AR B T S bRy, H
FERL AL R T, LR BT B R LT 9 BB A I

I 6(b) HCC EAMEHEHEE 5 Al T, Ji% 3000 IRFEHUE G SLiefa et fh 2k . AR,
NCL/HCC-1500s (1) FHATEL T 3000 K 78 RGN S50 5 B B AR KRR A s 74.7%, A TR I
[E](2000 )33 T AR AR ZEIAE I, X AT REAR T ARG AN 5] RIEGRIAIYE 2 sLAR MRS IE T T
RS i, demisgm AR A AR E . AN A R DTRR I () R A MRHCIE I G A B AR an 4 2
Fim o

FEITADLA 8] S R0 — B Mg R AR AR DX 3, FARRA A 2 M A0 P A R 1 38 7 O AR R R I, X R
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BMAT NRBEY), AREEMR RS 7Y Hud 2. SRS 260, 27 rAR/ dfd i A B g s e
SE MBI AN . AR N B (Rs) AES MAZ T BH AT IS i 2k 5 X Bl 22 sS3R B Ok, X #EE ks
FE MR ) R R TR ) S R BEL, TR s H AR R B B I ERE, IS WA R R R PR AR BB . o,
NCL/HCC-1500s (Rs) = 0.221 Q, B &1%F NCL/HCC-1000s (0.511Q)F1 NCL/HCC-2000s (0.314Q), 7E7%:
Fi R SOEFEH, NCL/HCC-1500s HIARM BRI Lt Fe# BEL 1%y, MR gy e #8 id AR Hh B B
FIREE . ARSI IR 26 PE 384, NCL/HCC-1500s E8 H ie K LR RIR, X 5 BB & 73 Bk 1
HIRKK R BARBERRET TR B HOEMG . 8 i RHE 7850 %, B 5 & i
AL A ARG, P DA LA 2 P T M gk S o

Table 2. Capacity retention of all composite materials after 3000 cycles

2. RBEAMHE 3000 RIEHERERRER

EEPE HRRFFR(%)
NCL/HCC-1000s 74.6
NCL/HCC-1500s 74.7
NCL/HCC-2000s 69.7

4, g5ig

I TR A AR S ) 5 SR KB AT E A AL NCLIHCC, i 1 % Ak = ORI ], 45461 T
B S E AR R ) S AR TS ARSE, @ RAEAIAR, R 0 A URUE HExt 4 R A A 45 # A
HAL 22 BRI RE MR . S50 F -

(1) EEAE RIS E AR AR BRAN K 2548 1T R UTARTE B A AR 4R T . Horpr, A0S DU /N )
BOREUZ R X MAELF AR T, X PSR S U A B TR R R R T BN S iR =
HHPREE T EORI R, A BT A BT PEAE B B . 7E 1500 s FRUTARES A R, S AL
EinE AR T4 R R, SRR ARSI EINA T, RIVEGRATS IR . 15K 20=27"F
20 =38, XFHMIES Co(OH)2 1 Ni(OH) FRIARFAE I AR YT B o

(2) 7£ =R AR R R T I B Ak 22 P BRI . NCL/HCC-1500s 52 A 44 8E 36 It fe A 1) ek 2 P e
FEME I 78 BRI, IR N 1 Alg B, NCL/HCC-1000s. NCL/HCC-1500s il NCL/HCC-2000s &
AR E L2590 51 823 Flg. 1588 F/g Fl1 1183 F/g. JLH, NCL/HCC-1500s ) b HL 2% B 5t i 1 7K $g:
A % NCL/HCC (982 F/g). 4 i 25 B N4 5 Alg Ff, NCL/HCC-1500s & &R K1 L o 28 {5 7 2 ik 3
86.6%, fEKMHAIFEFRMIRH, NCL/HCC-1000s. NCL/HCC-1500s £ NCL/HCC-2000s & &1k bE 28
TREFZS TN 74.6%. T4.7%F1 69.7%. iX4est FERH, MLPTAES] & BBl S S IiAT 2 A M RHE LT
AR [A] 1500 s B 72 2 AR 4% TR A R AP IR 77
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