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Abstract

Bimetallic oxides have excellent charge storage properties. In this paper, the bimetallic oxide nickel
cobalt oxide (NiCoz04) was used as the research object. A novel freeze-drying technology was used
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for ultralight NiCoz04 aerogel material, which was modified by noble metal Au nanoparticles, and
NiCo204/Au aerogel composite electrode material. The composite electrode has a large pore struc-
ture, which is more conducive to the transport of electrolyte ions. The specific capacitance of
NiCo204/Au composite electrode in 6 M potassium hydroxide electrolyte was 1350 F-g-1 by CV, GCD
and EIS. The specific capacitance is still 90.65% of the initial specific capacitance after 20,000
charge-discharge cycles at a current density of 10 A-g-1, showing good cycle stability. This ultra-light
aerogel composite electrode is expected to have important applications in ultra-light devices and
other fields.
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REF T FE 13 D0 R0 2 BN TGS (9 — Kl R, 2 v e X R v T 24 i G LA S 2 11
B YRR TR AR L], A S TR R, SO SRR, FE R R R T A i
KERRE, HIEAAEG AR, RIENE R 2N TAERSE[1]-[5]. B, fERA—FREE GE
WEA R RAIMEREEE, 1R T AN, BRI — R R A YK Z LA MR R E AR, A
FOMFE IR CURGE I B RIS TERT o BB RIS ERAG, LRI SRR 7R HTRE
W, TR, AT ERHA MK NA . TEK, IS RAYE SR DL R I &AL
ARSI A WA RS AGE KAR e e, RS B—id & s S A A L i e
BHVERE[6]-[8], BEIRNBFLH B A XS FR S AR 2 IR o 7E LRSS K e rh, AT OS2 T
IR EER ) NiCoy04 I M AHF . A BRRE RAK 3= AT LA 1 rhoCo R 5 P H 250 1 48 52 RV
N — PR A & AR AR R O]-[11]. 4 NI, B— NiCo,O4 LRI I VF 2 PR,
B TS EZ Ab, IEAETE L T RAR . RS B AR T R M R 22 1) 1)

(A B[R] AR BR 1) A 7 R 5 H 25 2 T S I RIASE A S, A OB R AR P B A 22 e M A LR R e
PERefERE Y T R I AT BRI, RO R AR AIIAE S e e ST T, X ARG
BPEREMIR T A REEM12]-[14]. fEE G HKY, &0T{ER “SHEME” , s EM RS SRk E
(R A AR, [FIES [ 5 DU 2 A R ST VM R AR T b R, i — DI ikt & 5 b, &
A “mTH - mRRE - mHEA” MRS, RONERBEAESRTERIIR, Kha. WomAsE. S
I 37 R R SRBE S AR, SR Mk BB A BE B ORI R B A T B R R 3% . FEARWE A, SRAELALAL
5 AR NiCo,04 MR FRBEALE JRIER Au BURLYTIESE NiCo04 KM L, LA IhHI & T
NiCo04/Au E-EMEL, JEEPEIFRLE(CV) 1H HLI 78 5 FL(GCD) A HEAR = BH AT (EIS) &5 1) AL = R
o ) 46 B AR AT AR, IRAEAR R 260 RxF b BRibz 4t X85 & mAREAT 7o PG PRI, B 5L
ML S A e

2. SLEESY
2.1. (LEB/5E
ANIKIEER B (Co(No3)2-6H20), PU7K ZFRER(Ni(CH3C00),-4H,0), Efi % L/ (PVDF), N-H L
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Kl (NMP), EEAMEN(KOH), &£ R (AuCly-HCI-4H,0).

T BB (SEM, SU70, HARA S+ HZHIMERT), X FHLATHIU(XRD, D/max2600, HZA
PR t), B2 TIRM(DZ-IBCIV), HALZETAER(VMP 3 ), AL TEHL(HHLGI-65A), Mt
8 5 F $E PR (BETS-M1)

2.2. PRIEYHIE

2.2.1. NiCo.04 S BRI &

[EH 0.5 mmol PU/K Z R4S 1 mmol /S/KASERE A AR 10 ml ZKFIBEM A, I E 7E R S 3Pk 2%
AR, Z 5% 0.06 mmol PVP IR — R 2t b 12 /N, B3 BB AR R0, BUHE
TR AR, SR 1 B 00 TRLE VA VR TR B 080 24 /NN B 4 4647 1 NiC 0,04 B T8 50, BA 5°C/min
IR FHRZE 520°C, ARG NiCo04 Mk, 1ERXTILRE, B4 ERIBE BTN LS T AT
f, 2 Ja AR B A SO Bse, 7931 bulk NiCo,04 FE i o

2.2.2. NiCo:04/Au SERBHBRARKIHI &

R EALE R4S Au KAE NiCo.04 KTH, K 0.02 g SnCly I 20 ml /KA A%, 485 20 mg NiCo204
N AR, FFEERALIFREY 12h, 42 0.2 ml AuCl-HCLI4H,0 Al 3 ml &K 17 ml KH, K fkid
) NiCo204 RN B IF I 76 S IS — B ], B PR SRS , K DT S AR il BN 2 T JRA T 18
BMAFE T NiCo,O4/Au AWK

2.2.3. BEFENE

T E S, SRR . SRR RTEE, SRS NN PVDF I NMP IR&, 788 A {1 (KQ2200B)
HOEEFE 40 o5, K AR SRR L, JRE 60°C FE AT HIER T/EHRMESR 0.5 *
0.5 cm? [THIRURIZ) 1~2 mg R R 7 EK. FARM R & AT DUE AR RORESE AT S MRk ok k1S .
BRI AT, RO B DL 1 T .

BT [ HAL R4 7E VMP 3 B HAL 2 TR S EEAT . @I AR 225(C V) RME IR 78 L (GCD) 5
EMNR NiCo204 NiCo204/Au FEAR AL PR RE, Hh7E =Mk RGiH, 6.0 M KOH 1E 7K 1% Hfg )i,
FASEAE T Bt , Ag/AgCl BARAE NS LE sl #£ 10 MHZz~100 KHz (SRR EI A, 4k 22 BT RE (EIS)
T T R ZEWRr il 26

3. BFR5WiL
3.1. HmERSEHRIE

KT P ARSI SEM IR, AT LA BT 0000 204 5 B SURFIE . 14 1(a) 9 NiCo2O4 # K, I HY
AL . B 1(b)s 1] 1(c) A NiCoOs/Au HEMEL, &M EHE 2 =4EfLIR 45, £REEH EE
FEMMAS B AAAE, BN 1(d)) EDX HREE BRI & &, U Au 99K B06 2 5 1E NiCo,04 #EHK]
R b, Ae@Es B2, RIE T 2R e Bz et:, Shim s 7 e 78 S2 b ik 0 e
I AR R e -

K] 2 Bi7R N NiCo,O4/Au EEMEHT XRD 751, B bifie MR S R854 . 72 20 fEEA 31.1°,
36.7°, 38.4°, 44.6°, 55.4°H159.1° (AT #1445 5] 5 NiCo,04 (PDF#20-0781)f1(220), (311), (222), (400),
(422)F1(S11) SHTE[1S1MXT R o BeAh, BRI T 42.8°F1 62.4° K R A&, ShrUE-R PDF#75-0197
[16]FHXT EL A3 HT & NiO [, e nlRe SRR A K, £ 520°C FIER T NiO, NiO I R 190 i 1 4%
B A7, ASFITE TR, ISR, AR, 38.3°, 44.6°F164.8°HIHL T —LLlE, XFLE Au BIRTH R A
(PDF#2-1095), X M.& Au [I(111), (200)F1(220) 1] & THIFFEIE[ 17] . 25K B NiCo.04/Au B AR A K
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Figure 1. SEM images of (a) NiC020s4, ((b)-(c)) NiCo0204/Au: (d) EDX of NiC0204/Au
1. (a) NiC0204. ((b)-(c)) NiCo204/Au BIFIHEEE F B MIB(SEM)E&: (d) NiCo204/Au B EDX

Intensity (a.u.)

Element Atom.C
(6] 54.28
Co 29.74
Ni 15.66
Au 0.31
Co
L\d Ni
Au

Figure 2. XRD diagram of the as-fabricated samples
B 2. Bl X SHEETEH(XRD) B %

3.2. EALEFEMREFHAR

&l 3 #(a)y~(d) 737 72 NiCo204/Au 1 bulk NiCo,O4 W FFZAAKIGURL LB AE A RS 2 1) CV it & F0A

[F] FEL % 5 N ) GCD 2k XTEEIE 3(e), BHRAER HTE 1 A-g ! HIRLEE T NiCo,04 ] GCD HiZE 25K

T bulk NiCo,04 L, R NiCorOs EE A FURILE 4F . 5 NiCo04 HHEL, NiCo,04/Au R
B MBI = 4EFLIA 25 MG B B AR5, IR T B FAERIER, AR TR m[18]. XK
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Figure 3. (a) GCD curves of NiCo204/Au and (c) Bulk NiCo204 at different current densities: (a) NiCo204/Au and (c) Bulk
NiCo20s4 at different scan rates: (¢) GCD curves of different samples at 1 A-g™!: (f) CV curves of different samples at 5 mV-S™!
[& 3. (a) NiCo204/Au. (c) Bulk NiCo204 ZEREI B R ZE TAY GCD fiZk: (a) NiCo204/Au. (c) Bulk NiCo204 ZEA[E]33
HIRETH CV HiZk: () FRIMME 1 A¢! THI GCD BiZk: () AR Smv-S™ THI CV fhik
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K] 4(a)2 NiCo204+ NiCo204/Au 1 bulk NiCorO4 I HALZZBHAT /BT B o 7E s X I A 22 (R 142
Xof L Z AL R LA RS BB (Ret) [19]. WLEZ AT AN, NiCo,O4/Au & A HAR 2RI 1% 8 2 /N T NiCo,04
HELB A bulk NiCo,04 HEAK, XK H T Au (1145 2248 NiCo,O4 1 LA 36 2 HUBH BEAIR, AT Ha fup 5 2 3ok 7
FEREGRE, RNERME R, X, NiCo04/Au Z 6 H R BLZE X I 17 2 KT NiCo,04 AR AN
bulk NiCo,04 HLH), 1X—HL G R H NiCo,04/Au B A AR AEPERE, HILE T HBE BT NiCo,04
AT bulk NiCo 04 R . W] 4(b)Fi7n, NiCo04/Au HAR[F) Ret HAL A 4.974 Q, KT 8.303 Q (1) NiCo204
FLRR AT 1927 Q [ bulk NiCo 04 FLMK . X FP S HPEMIFE M T BE2 T 513E T Au 40KRLT, Au 49KK T
MAZTERE N T AR S 3e, IR S T s il . 45 b, X —45RIESE T Au 90KRTAE
IR TH T G AR ES THFE AR, 13 NiCo,04/Au I HLAL =L BRI T NiCo204 F1 bulk NiC0204.
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Figure 4. (a) Nyquist plots of the corresponding electrodes and (b) comparison values of Rs and Ret
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Figure 5. (a) Contributions of diffusion-controlled and surface-controlled capacitances at 5, 10, 20, 25, 50 and 100
mV-s~!: ((b)-(f)) Capacitance contributions of NiCo204/Au at different scan rates.
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Figure 6. (a) Rate performance of NiCo204/Au at different current densities; (b) Cycling stability test of NiC0204/Au at
a current of 10 A-g™!
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