05 €1 %= = f PACKAGING JOURNAL
2024 £ 5 16 & F 5 B Vol. 16 No. 5 Sep. 2024

R OIFEMEEmEEB) B K NiCo,0, FER B H:

HLAE PR RERESE

doi:10.3969/j.issn.1674-7100.2024.05.001

KIFZE EAZELE ETTHS
HEX ZE=@EH

M Tk Kk

RS MIIESR

M A 412007

W OE. ATHE RS, HIRAE T RIF M, KRR Tk
WA B (PVP) A A & b i 4 Bh 36 00 I k0 & 7 R b & & NiCo,0, #k,

FIEAT A @EHRA PVP B9 Fm3F . #0R A NiCo,0, A4 & 1L 5 b 4t
¥, BTRER AR, B PVPKRF A 1.5g. IR A NaOH B, Ff 4l
%49 NiCo,0, WA A A A ey w2 b dk; AR ABEA 1 Alght, b
7k %) 642.8 F/g, R B, ZE ALK B 1000 KE, WEERFEA

73.6%, R EERIFOGEFALEM,
KEIA: B OHWRIRER; Rk ; NiCo,0, fik; Wi st

HE 4SS TB334

XEAFRERD: A

XEHS: 1674-7100(2024)05-0001-08
SI3Hgs: REIL, AL, R, F . R kST ER 4 81 A R NiCo,0,
WO R LA F AR [T]. &K SR, 2024, 16(5): 1-8.

1 HIRnE=

AR T AR, F2Zekt (At
Al RIRTEE) AWOT A, AT H ™
B REIR A B S IR TS Yl M R, R R R
RETE A7 MAE R B e SR I . R H A v I 2 B
AR, TR E PR IR ERARE IR U A 5 L AT
R, AEEHERAT Z8OR 1 Ah . RSl
RSN HIE AR SRR LI =7

— Bk, SR A AR AN [ B4 H A AL
] B3 S LA KR A5 R 2 IO v 2 05
HL A2 U FE 25 i ) R T T R AR bR 5 v o 5
T b B RELART 0, T VA A IO R e T T R R

AT ] 336 AR B AR SR g B AR A, AL
R R L LI Ul e R A 7P e N S TN
RIS BTG AT RE, TE SR A i, o 4
J& SE AL P RENS VEA T T 30 ()9 A AR AR B R N, A
([0 A O T R oy R 1 BUR I DB U 2y N A
¥ (40 CoMn,0O,. NiCo,0,. CuCo,0, % ) L P, #
& JE ALY T BA B 2 AR A S AR B T
BEERFE R ENE, H BRI T H—
G E A 7 AR PN R Ak, B
ALY AT RAFRG S bE L BRI AR g 1
Ni il Co 7E ] 33 (17 55 K20 Hh HAT 2400 BRAE ) B 1)
ROV T J A 348 1) FL AR R R 1
PR, ORI S 450 TR 2 BT Ry g

Wi BHE: 2024-05-23

EFERE N KR (2000-) , 2, WHLIETA, MR Tl R A, 2SS o] A 2 de i Aob et

E-mail: yaqin-zhang@qq.com

BIEEE: BB (1978-) , 2, WIRSRRIIN, Wl Lol R RIEE, EENGORT & 27RPRL OB RE IS RIS

E-mail: lifuzhi@hut.edu.cn



€1 %= = f PACKAGING JOURNAL
2024 £ 5 16 & F 5 B Vol. 16 No. 5 Sep. 2024

05

o Pk B A U 4 AT R MR AT RO . FLAR
AR B 5 R e T T 2E — 20 4 v H AR A R A Ak A
e LA EEE Y, Hh MO S A SOR
W 22— 2 7 T 4 AR A R ) 2ok A o A B v FE Y
ZETa G P . T AL Sandosh 2 M SR F oS be 2k
ZH AL (cetyl trimethyl ammonium bromide,
CTAB) fii W 7k #3 iil #& T CoMn,O, 44 K #. N.
Padmanathan % " FI| ] D- i 45 H 46 Bh % 700 $4&
BT A FLAR A7 MnCo,O, Ak W, I 16 HL I % 1
F 1 Alg BF3R#3 T 346 Flg B9 ELHL%E. G. M. Tomboc
2 VR 2R 2008 M BE - ( polyvinylpyrrolidone,
PVP) JF % i T 34k ZnCo,0,-NPs, HAE y i 4% 44
KRB AL S A bR, MRS RINER L
— [ (polyethylene glycol, PEG) . PVP & i, T
LiNi, 5C0y15Al, sO,(NCA) IE A EL, 7E 0.2 C FjiLH
PR E RO FE S 4300 210.8, 188.9 mA-h/g,
PETARAS IR T TSR A IER A B A2 PERE . 5
e N N i1 O B TR AR i e = 8 17

(sodium dodecyl sulfonate, SDS) , #|H /K4
Ji% MgCo,O, FifBkiA, (KB REHTF MgCo,0, AHKEL .
WEgT R, FmiE M SDS AMEXT MgCo,0, Hik A1
RHATESUA HOWTEFEAE T, [RIEalEsgm 1 H fb
PERE. WIS U RS TIE L4 TR PVP B
JniE Y NiMn,O, HIR PR, FRFT LW IE 50 A Ha 25
PEBES PVP SIS AU, KBS PVP SN
Ak, LRSOULES #4) Hh AT 2R (%) O R AR Ay i s iy 1] 22
PRI AAR, Bib2EtE e bz 22 k. LRI,
5 T 4 7] DR AR TR 11 285 4 AR B AE T 4 2 KR
Jy TR R AT IER, AT LASGE MR P AL
ZER, AR A T YR BRI, it
WML LR, MIdE— 2 8g w7 AR
T2 rkRE

TV EFZE, AR5 LLS KA AL RS K

B SRR N JEURH, NaOH S BRI . PVP Sy 3 1 1 74
N, R FETOE A BT BRAR NiCo,0, HLAR A1 K},
IF 2R = AR 2 X NiCo,0, Hi A R 171 34 £R:
%k (cyclic voltammetry, CV ) | H T 78 i FE

( galvanostatic charge-discharge, GCD ) i, #7%
FATE PRSI S FE AR L L A 2= PERE RS0 5 [R]
i, 76 PVP ARSI f 56 E, SRFTIR (NaOH
ZK ) XTHATEHERERZ I, LUBIPLAE NiCo,0, #1
B AL A= P RE

2 LIGERN

2.1 EREHE

KA (NI(NO,),6H,0) . ~/KEA
B (CoCly6H,0) , J AR E AR A EA
el , Kt ib TR BRA Fl; IR A e |
UK, IR BRA . LG AAARL R
Gyfral, R U2
22 EBRNUR5EE

HL A2 TR, CHI 760E, |3 AL 2847 R
Il XSRS, D/Max 2550V, HAFR2E,N
4 T B 445 , Nova Nanosem 230, 3%[E FEI A\ A5
LR, AY220, BIsEFIE PRI A BRA A
P XU T R4S ( DHG-9625A ) . JEAHL (DY=30) .
g (SX-4-10) , bilE—fERl2E A RA F
2.3 NiCo,0, Ri¥KkaHI &

¥ 2 mmol Ni(NO,),-6H,0 #1 4 mol CoCl,-6H,0
fn ) 40 mL % B F oK v, 7R = R B B HE 30
min, TV, &, 4 PVP T 40 mL
T, WEPERE 30 min, TERISSIERG RE,
¥ BRI RIR G, WP S, BRIIEA I
NA W T 9 mmol NaOH A f# T 20 mL /Kp, 15
SRR RIC A B W K A WSS B i,
R noese, Bk, MIHRAYS R RN, b
S PP ROV B 2 h, SR ELAS kA B IR AR
YUBE, WGUIIERCEALE 80 CHIAEE T T4 12 h, )5,
FO T IS AR S RIS SR AR, 76 T 31 350 °CT M ABE,
IR 2 h, FRFS NiCo,0, THEREEA: .

J T 58 PVP UN I  f 28 PR RE A R, 8
PVP [ i & 43 5l 4 il 76 0.5, 1.0, 1.5, 2.0, 2.5 g,
FEA RN TR N 5 YIRS . S Ah, e E fe i
PVP St Al -, #RZTEIE (NaOH. 2K ) Xf
HLAE R AL I, BIBR T I ACK [R] A i
Gh, HAS R E AN S
2.4 BEMENRKSHH

1) & TAEE . TAERAE DL NiCo,0,. &
R (SR ) AR DU SR M ( polytetrafluoroethylene,
PTFE, i8R 60% ) BRI LBk ( ikt
H8:1:1) , WSIIHIRAE IR B, RE, fE
60 CTFEZS T4 12 h, 10 MPa FJ1AbF)E, 7EHL
ST ARSI TR AR 22 I

2 )H AR IR, L 326 FH 2 mol/L KOH 1AWl Hi v



W, %

05

L Hg/HgO HLl ol 25 L f e . Pe Al oy il B fpL AR 0T
YERR A T A —rAR A R, >R CHI 760E Hifk
2 TAERE A NiCo,O, bR Ha AL 2= 1 B

3) CV Wik, CV IMA AT LAXT Ha AR A4 Ak
H TR BB TR R AT, IR AT LU ST CV IR
S5 A TR B SR/ IN R I DB 25 PR FL AR PERE A AL 5 -
2 CV L A RIS, I F AR ) LE L 2
K.

4) GCD 4 4r#r. FIH GCD #h4nT LAt
WA H 7S, HAZCN

At

C=——, 1
Y omAV (1)

b GO R PG TR B LU RS s 1 T
R A NTHLI ] m RS PR B B AV O
HLR Y R

3 BR5®

3.1 YIHERGE

R T ARG AR L RN AR AE XA i
77 XRD EAE, E 1 PVP I 1.5 g, BE
1 NaOH I} fir ] 35 LA B BHAY XRD 3

—~
)
~

intensity/(a.u.)

NiCo,0, (ICPDS 73-1072)

10 20 30 40 50 60 70 80
20/(%)

1 BfAEE XRD
Fig.1 XRD plot of the electrode material

I 1 RTAL, ZRE S B FRAE 16 5 NiCo,0, B
#ERE (JCPDS 73-1702) XFhi—%, HEA HBLHAD
Z06 1) NiCo,0, LM A RHAY 20 75 18.8° . 31.2° |
36.6° | 44.5° | 59.2° | 65.1° Fl 77.6° Ak, 43 HIXF R
FRGA IR (111), (220). (311). (400). (511).
(440) 1 (622) fhiAl, EATHIEISEL, AT I,
It, PAPVP R MEEPEN . NaOH AR, i 4t
DUTEZ LI 4 T 4R S A1 7 NiCo,0, UM A kL

B Z/EM IR ERSEEN & A NiCo,0, fFk R H Bk M EE 5

32 WMAEH

3 SEM Mt %f NiCo,0, M SR EAT ML, 45
FapE 2 piR. Bl 2a @I T LA % T NiCo,0, 194
KRS, AT LUE B2 b 3228 2 ORDIR 1 OB 55
K 2b~d BEL T 5% T NiCo,0, FITESL, AT LA MT
WEE SRR A ERRIE A, BARTE 7~10 pm ZJH], %
T EHT . I, o LUK %A R R G A BR AR 3
BICR, XEAFERIR S BR8] B A R 4B,
AR T H TR0 98 025 LA B 338 o e g 95 0 R 2 v 1)
e AL, SR Z RS, T — T
AR A2 PERE

2 NiCo,0, MEERFABAEH TH SEM
Fig.2 SEM images of NiCo0,0, material at
different magnifications

3.3 HBiLFEHESH
331 PVPHmENEALFHEYYH

1) PEEMR AL

J T RS PVP B XF NiCo,0, £ 8} iy Ak~
REAYSZIN, SR A = AR AR R0 ILETT CV Fi GCD il
Ko 324910105, 1.0, 1.5,2.0,2.5 g B PVP 1k
FIATEMER . NaOH VE AT 2/ NiCo,0, HLH A
BHEAR AT CV ik,

M3 Al 1, 16 0~0.6 V I HHE X AN, 4%
CV 42 3 B 1 AL iR SR, 3R7R NiCo,0,
AR 1 FR 75 4% e AR Y. i B R Co™/Co™ I
Ni*/Ni*" 7 2 mol/L &S A0 B i ff Vi 22 A= 1) SR KR
JE SR PR, AR E AL ] R Ry B

NiCo,0,+H,0+OH == NiOOH+2CoOOH+¢ ", (2)

CoOOH+OH™ == Co00,+H,0+e ", (3)

NiOOH+OH = NiO,+H,0+¢ ", (4)



€1 %= = f PACKAGING JOURNAL
2024 £ 5 16 & F 5 B Vol. 16 No. 5 Sep. 2024

05

90F ——5mV/s; 90 —— 5mVis; 90 ——5mVis;

~ —— 10 mV/s; ~ —e— 10 mV/s; ~ —e— 10 mV/s; /\
‘j:n OF 20 mvss; N ::n 60F 20 mV/s; _Q ?60 [ —— 20 mVis;
< —— s < —»— 50 mV/s; < —— 50 mV/s;
s 30l 50 mV/s; S 30l mV/s S0l mV/s
‘G —— 100 mV/s, ‘G —— 100 mV/s, §7 —— 100 mV/s.
5 5 5
T ot T o Z ot
5 B 2
£ £ £
8 30} \/ 5 30} 230}

-60 —60 \/ 60 \\/

0 01 02 03 04 05 06 0 01 02 03 04 05 06 0 01 02 03 04 05 06
potential(vs. Hg/HgO)/V potential(vs. Hg/HgO)/V potential(vs. Hg/HgO)/V
a)O‘SgPVP b) 1.0 g PVP c) 1.5 g PVP
90 —— 5mV/s; 90 ——5mV/s; 20r
s —— 10 mV/s; ) = —— 10 mV/s; o~ ~ 15}
o 00F 9 mV/s; W 00r 20 mV/s; 50
; ; < < 10
< —— 50 mV/s; 2 —— 50 mV/s; =
s, 30t z 30 ES
= —— 100 mV/s, 'z —— 100 mV/s, iz
'§ oF 3 of — 3 0F
g R 2 3 / g -1
3 =3 0 \// 5 =30 \ 33 10l
N
-60 | -60 | -15F+
0 01 02 03 04 05 06 0 01 02 03 04 05 06 0 01 02 03 04 05 06

potential(vs. Hg/HgO)/V

d) 2.0 gPVP

potential(vs. Hg/HgO)/V

e) 2.5gPVP

potential(vs. Hg/HgO)/V

f) 5mV/s

3 AR PVP FEMERARIIMIEET NiCo,0, BIFHMEM CV B

Fig.3 CV curves of NiCo,0, electrode materials with different PVP additions and different scan rates

i & 3¢ AT LIWER B, HHHER N S mV/s B,
AL LT 7E 0.45 V Ak, Bl F1H 3 R A 38
AL U 1) F A B S 1 A RS, A X IO 143 T
WEH AR 2 ) ZE A%, 3R IR R A S SR Y 3 n f v
i H ) R AR BB 3 i, CV ik
AR AR P2 (B R N S mV/s %] 100 mV/s B,
CV ML MR AL, R PVPIRINE R 1.5 ¢
Bl 5 1) NiCo,0, FELARABHEAT R A st i
g

&l 3f 2 PVP Ui 43 512 0.5, 1.0, 1.5, 2.0, 2.5
g il 1319 NiCo,0, FLA A BHE 5 mV/s FHHTH 2R 11
CV k. Xtk CvV g kB, MImA 1.5 g
PVP i NiCo,O, H AT K CV 4 A i K i IEAE
LI FIAR BRI AR, R EA Fem i LA o

2 ) i H I AR

N T =008 NiCo,0, AR AR AL A RERY
45, XFHAEAT T H i e . 7R R
0.10~0.55 V J1H LU T, AS[E PVP Bl 9 NiCo,O,
HLB BRI 1, 2, 5, 10, 20 Alg B % HET T 78
RN, 25 RN 4 FR.

& 4a~e NI WLERE, NiCo,0, L H KK GCD
M3y RN H AR EE &, X 5k
(R L AR A ) & B0 &1 4f SRTR] PVP BN
59 NiCo,0, FUI M BHEH TR A 1 A/g THY
GCD k. #RHsE 4f 1 GCD =l (1), it
AR PVP BN 1.5 g 9 NiCo,0, AT RHE 1
Alg T 2SRk 642.8 Fig, HL T PVP US4 0.5
g(2264F/g).1.0g(4332F/g).2.0g(4556F/g) .
2.5 g (388.8 F/g) HIMRAIEIY . W RIS, Htk
MR HEZS BB PVP S I (9 38 i 22 B E R s
WIS, 7 PVP BN R 1.5 g if HA K LS
L, ZEERY CV IIZRAIDCREL . 3T UH PR R
TEPER (PVP) BYIIASH B i€ L84 T NiCo,0,
ROIEA, TERL TIAREIN] . TCFP ek, BRikS
BRARZ M B R s B, AR TR i, I
T+ T NiCo,O, HARM B L IbF B -

3) PEFRERED

} T AL NiCo,0, (PVP # &N 1.5 g, B J4
4 NaOH ) HIMRM BHRRETE, 763 Alg IR
THATEE BRI, 45 AE 5 R,



05 kil 2, &
B2 7, VAN IR G BRSEEN & Y Ni Co,0, TR B B Bk 22 1 BERFF 5T

06} 0.6f —— 1 A/g; 0.6f —— 1 Alg;
> —— 1 Alg; > /\ —— 2 A/g; > | —— 2 A/g;
> 05t —— 2 Alg; 5 05F ,/ \ —— 5 Alg; o 05f | J —— 5 Alg;
z —— A | 2 - \ — 10Ag; | T - —— 10 Alg;
5} 04 L —— 10 Alg; :E“ 04+ IF N~ 20 Alg. 5’ 04r . —— 20 Alg.
% 03l —— 20 A/g. .‘_ff 03l \\ :fj 03k \\
§ 02} EE 02} é 02F \
0.1} 01F ¢ \ 0.1t #
) 200 / 300500 0100 260_ /360 200500 0100 200 36_0 /460 500 600 700
time/s time/s time/s
a) 0.5gPVP b) 1.0 gPVP c) 1.5gPVP
06} —“1A;g: 06} —— 1Al 0.61 05
——2Alg; ——2 Alg; ——10g;
% 0.5} //l\ ——5Alg; % 0.5 —~—5A/§; % 0.5 —15g;
z \ —10Ag| 2 —10Ag | T ——20g;
2 04r N - 04 ——20A/g. | 2 047 \ ——25g,
£ o3t \’\ £ 03 R £ st NS
Eé 02} \ EE 0.2 \ é 02F \ \
0.1F cL01 1 QO.l—‘
0 100 200 300 400 500 0100 200 300 400 3500 0 100 200 300 400 500 600 700
time/s time/s time/s
d)2.0gPVP e)2.5gPVP f) 1A/g
4 AR PVP FMERAFRBFEEET NiCo,0, BE# I GCD #sk
Fig. 4 GCD curves of NiCo,0, electrode materials with different PVP additions and different current densities
ol KRB, W NiCo,0, HL b BHRHELAT R
- e rIE Sb [, FEAEFRUCEL 400 Y2 R, NiCo,0,
2 BB RHG L2 R W et R U 400
2041 WG, AR E; 42 1000 RAEHS,
< 03f HAERERG3y 73.6% , PERAE N 97.8%. LI 12k
5 gof REW], NiCo,O, HIM A EHEA R 47 i i BIE e 1k .
ol 332 mEBRALFHENGPH
MRS TIA \ pa=s N ISNES =X
360 98700 9BE0_ 000 9150 PR SEns:, AT LIEARE 1.5 g i PVP B .
times TEULAES, SRR I 2K A S e
a) TREAHZEARY GCD K (i 4 BIAI)S 4 &) TR, AR SRS . RS R BB %
4201 NiCo,0, HIR AR Ak~ PERE R 52
@%m\\\\\NN*NH*H‘ 1) GRFRR LA
g 300 DA T) 84 J5 1) e 22O AR B A e, 7
g 20f RIFHHER T ) NiCo,0, FUBAEH CV ik, LI
S 1sof KW (AN NZK, 5 mV/s) 1 CV ik
2& 120} XFELE aniE 6 Firs o
60k ‘ , , , , Hi &1 6a AT AL, 805 A 24K B, NiCo,0, HiLHK
C Slenamber PR OV AT AT I S LA S, BP  22
. ﬁﬂﬂbﬁ) ﬁmgﬁlﬂgﬁﬂﬁiﬁl ST R, AL B0 A i 387 B Dl 25 AN Y
55 1 GCD & % Py ST oL 7| B L
Fig.5 GCD diagram of the cyclic curve and cycle HiEL 6b FIAL, - bl R AL B TR IR I 3 210G CV 2k

stability diagram A ST e o T 2K BRI Fy U, LI R Y

HiPE Sa TN, DRERAT)E TR AR IRk RO, R LR SR B 75 F1 ) NiCo,0,



€1 %= = f PACKAGING JOURNAL
2024 £ 5 16 & F 5 B Vol. 16 No. 5 Sep. 2024

05

FLR A B EL S T R

2 ) HL I L D

& 7a MAE PVP BNINE N 1.5 g LA /K MBI
% 1 NiCo,0, FLAR A BHEA [ HEL 7 %% T 1 GCD
Mhzk; & 76 MAHFZET (1.5 gPVP, 1A/g) 2K,
LA RIR Y GCD £k,

Hi [l 7a AT, GCD HHEAFAEARL A 1 7 i Ha iy

90

—— 5mV/s;
~ sl —— 10 mV/s; —~~
o ——20mV/s;
< Y 50 mV/s;
z —— 100 mV/s. \'
5 =
5
£
5

01 02 03 04 05 06

potential(vs. Hg/HgO)/V

a) AR AT 2K NI E) CV ik

0

LA EG, X 5K 6a ) CV &4, BIET
HL AR LA 7o 0 B 7o BT, SRR
RN IEAR LG, LAZK AR 25 (4 NiCo,0, LK
MR R B T AR 220 Rk, LA NaOH A58 5 it
il 45 1) NiCo,0, HUAR AR AL 2EERE I P 5.
VETSERH BT AR A AR LA 2 PR R 2 e — 2 1Y

SN, PR RSO0 T A P AR B ZE S E

6 CV @&
Fig. 6 CV curves

0.6

0.5+

04

03F

potential(vs. Hg/HgO)/V

200 300 400
time/s

a ) GUKTRIRI AN LR % BE ) GCD HIT 2k

0 100

7 GCD H%
Fig.7 GCD curve

4 Z5ig

AHIEFE L PVP kg 2 T T35 14 590 4l B M D 2 ol 4%
TR A B NiCo,0, Ik, #RFE T PVP N
XF NiCo,0, HLH A4 KB Ak 2= PERE B 52, IF7E PVP
ARSI A b, RS T AS [RIBR0T H AR AR
HLASPERERT N . TR 25ie T

1) Y4 PVP I N 1.5 g, BN NaOH K}, fif
Tl NiCo,0, AR AR s LU AL 75 (642.8 Flg ) o

2) RIFAY AR F 21545 T NiCo,0, A K}
S TCF BRI HE ST B, BRAR SRR Z 18] B3 A7

HSB, FT AR EE, NI T R AR

15F
= 10}
cn
< st
2
2 o
<
5 -t
=
S _10}

—15F

(I) Ol.l 072 0(3 0;4 0?5 0?6
potential(vs. Hg/HgO)/V
b) PRI CV HIZX b
0.6}
——NaOH;

%DO.S //\ ——NH,'H,0.
2 ,
2 04p
03 N\

0.1

6 160 260 3(50 460 5(30 660 700
time/s
b) PRI GCD #Zx] b
SRR R AR, SR T AR A

3) NiCo,0, FUBAREEAT RIFITEIA TR EN: | 16
3 A/g HLTREIE T, 1000 RAEER G B LA B AR FRR
g 73.6%.

g bk, DL PVP RREE MR . NaOH ik
PR £ 1) NiCo,0, B BHEAT BT L fb iR,
A B Hb O R R R AR A

S 3k

[1] LIU R, ZHOU A, ZHANG X R, et al. Fundamentals,

Advances and Challenges of Transition Metal



05

f—

KTE, %

Compounds-Based Supercapacitors[J]. Chemical
Engineering Journal, 2021, 412: 128611.

RN, Far e W K B AR AL B 0K R H
Wb S AL A PR REBIE ST (D). 35 MR SRR 222 41,
2023, 40(4): 71-74.

DAI Xiaolong, WANG Liyan. Preparation and
Electrochemical Properties of Cobalt Sulfide Nanosheet
Electrode Materials by Two-Step Hydrothermal
Method[J]. Journal of Jilin Jianzhu University, 2023,
40(4): 71-74.

My, WM, BIZOR, & .OBPOL AR
ke v S B S R (0], AR TR RUR R, 2024,
52(1): 47-53.

ZHAI Dongmei, GUO Pengzhuo, HUANG Hongbin,
et al. Research Progress of Electrode Materials and
Electrolytes for Supercapacitors[J]. New Chemical
Materials, 2024, 52(1): 47-53.

HPHE, EOMK, M . AR I A AR AR
OB 5T DE R (7], s Tolk, 2023, 27(4): 199-
204.

YUAN Dandan, WANG Lin, SHANG Suijun. Research
Progress of Electrode Materials for Supercapacitors Based
on Pseudocapacitors[J]. Chinese Battery Industry,
2023, 27(4): 199-204.

SRR . R A A P R AL S Y AR TS
BER (7). 4L CRFSE, 2023(13): 8-10.

QU Enlin. Research Progress of Transition Metal
Compound Electrode Materials for Supercapacitors[J].
Modern Chemical Research, 2023(13): 8-10.
LICHCHHAVI, KANWADE A, SHIRAGE P M.
A Review on Synergy of Transition Metal Oxide
Nanostructured Materials: Effective and Coherent Choice
for Supercapacitor Electrodes[J]. Journal of Energy
Storage, 2022, 55: 105692.

MURUGESAN M, NALLAMUTHU N,
RANJITHKUMAR R, et al. Synthesis and
Electrochemical Investigation of Hetero Bimetallic
Complexes CoMn,0, Micro Rods for Novel
Supercapacitor Electrode[J]. Electronic Materials
Letters, 2023, 19(1): 108-118.

BOOPATHIRAJA R, PARTHIBAVARMAN M,
NISHARA BEGUM A. Hydrothermal Induced Novel
CuCo,0, Electrode for High Performance Supercapacitor
Applications[J]. Vacuum, 2019, 165: 96-104.
KoM, KB, BAK, % . NiCo,0, 44Kk /SiC
S £ Al £ S FOp Ak 2 PR RE (0], A MR EI,
2020, 37(7): 1684-1694.

ZHU Bin, LIU Pan, LU Dongfeng, et al. Preparation
and Electrochemistry Properties of NiCo,0, Nanowire/
SiC Composite Fiber[J]. Acta Materiae Compositae

B Z/EM IR ERSEEN & A NiCo,0, fFk R H Bk M EE 5

[10]

(1]

[12

—

Sinica, 2020, 37(7): 1684-1694.
2 ORE, sk W, e, S5 CHEZ QU RREES
BT 30 R 45 S Ak 2 VERE (0], 52 G A RE I,
2024, 41(1): 281-292.

LI Qun, ZHANG Kuo, LI Yanhua, et al. Morphology
Control and Electrochemical Properties of Three-
Dimensional Hierarchical NiCo,0, Structure[J]. Acta
Materiae Compositae Sinica, 2024, 41(1): 281-292.
A B, WSS, 4. NiCo,0, 41K JE I
& S A PO A g a I (3], AR TR AL KL,
2022, 50(11): 229-233, 239.

LI Xue, HE Gege, TIAN Liangliang, et al. Preparation

of NiCo,0, Nanocages and Its Applications in

=N

Supercapacitors[J]. New Chemical Materials, 2022,
50(11): 229-233, 239.

SKTFFY, FLARTE, AEhet, 5. RSN EHR LA
AR IEAR A BHERE 2 I [J]. 1HPE4E T, 2024, 44(1):
11-14.

ZHANG Xiuling, DU Yiyang, LI Xiaonan, et al.
Effect of Surface Modification on Properties of Positive
Electrode Materials for Supercapacitors[J]. Shanxi
Chemical Industry, 2024, 44(1): 11-14.

[13] SANDOSH T A, SIMI A. Morphology Controlled

Synthesis of One-Dimensional CoMn,0O, Nanorods
for High-Performance Supercapacitor Electrode
Application[J]. Chemical Papers, 2021, 75(6): 2295-
2304.

[14] PADMANATHAN N, SELLADURALI S. Mesoporous

[15]

[16]

[17]

MnCo,0, Spinel Oxide Nanostructure Synthesized by
Solvothermal Technique for Supercapacitor[J]. lonics,
2014, 20(4): 479-487.

TOMBOC G M, JADHAV H S, KIM H. PVP Assisted
Morphology-Controlled Synthesis of Hierarchical
Mesoporous ZnCo,0, Nanoparticles for High-
Performance Pseudocapacitor[J]. Chemical Engineering
Journal, 2017, 308: 202-213.

W%, £ O3, 4,
LiNig 0 Coy15Al 50, A5G FITERE
i, 2020, 36(8): 1465-1474.
HUANG Ling, WANG Ying, TANG Renheng, et
al. Effect of Surfactant on Structure and Properties of

A 3RS PR SR X
M [J]. JTCHLk2E2

LiNij¢yCog 15Aly 4sO,[J]. Chinese Journal of Inorganic
Chemistry, 2020, 36(8): 1465-1474.

fid oL, XUTfE, MR, 5. mAE MgCo,0, 4K
LA A S i A EPERERIT ST (9], VLD =24k ( AR
BIERT ), 2021, 49(6): 5-19.

NI Hang, LIU Wanneng, KE Zunjie, et al. Preparation
and Electrochemical Properties of High-Capacitance
MgCo,0, Nanowires[J]. Journal of Jianghan University
(Natural Science Edition), 2021, 49(6): 5-19.



—

—_

05 €1 %= = f PACKAGING JOURNAL
2024 £ 5 16 & F 5 B Vol. 16 No. 5 Sep. 2024

(18] Z= Wl ffi, #LAFEE, 4 IF, . KGR X

NiMn,O, R A BHE S S22 i 25 PERE RSS2 ) (1], i
fREhaFAl, 2022, 50(5): 1209-1214.

LI Mingwei, DU Mengdie, YANG Fang, et al.
Effect of Surfactant on Morphology and Supercapacitor
Properties of NiMn,O, Electrode Material[J]. Journal
of the Chinese Ceramic Society, 2022, 50(5): 1209-
1214.

98, B, MR, %R B NiCo,0,
S MR A Lo A 2 PR RE (0], L TR,
2022, 59(10): 1011-1016, 1042.

LI Kuan, ZENG Zihan, HE Wenliang, et al. Preparation
and Electrochemical Properties of Polypyrrole-
Coated NiCo,0, Composites[J]. Micronanoelectronic
Technology, 2022, 59(10): 1011-1016, 1042.
SRR, BE O, CRSLE, SF L AT NiCo,0,
A g AR PDRL g (0], R D ERRL AR ], 2023,
43(3): 52-55, 72.

ZHANG Xinyu, FAN Shan, JIANG Lijun, et al.
Preparation of Dandelion-Shaped NiCo,0, Electrode
Material for Supercapacitors[J]. Journal of Science of
Teachers’ College and University, 2023, 43(3): 52-
55, 72.

MW, KRR, WISFIE, 4 KPEAIR NICo, O, H
Wb R Ha AL 2= R RE [7]. 1AL RR T4 Be 4t 2022,
38(3): 35-39.

YANG Huan, ZHANG Xiaofei, HU Shouyuan, et
al. Electrochemical Performances of NiCo,0, Electrode
Materials Prepared by Hydrothermal Method[J]. Journal
of Hubei Polytechnic University, 2022, 38(3): 35-39.

WEE . PIBAR Co,0, B RHI 8 S AL 22 P RE IO F
5% [J]. mIE A, 2023, 47(6): 772-775.

ZENG Zhaofeng. Preparation and Electrochemical
Performance of Feather-Like Co;0, Electrode
Materials[J]. Chinese Journal of Power Sources, 2023,
47(6): 772-775.

%, kT, AP, 5 NiMoS,@MoS; Z41H
Wil o S AL APERERIE ST [0). i fS s S R 46z
2023, 51(4): 47-51.

CAI Dan, ZHANG Zhongyang, WU Zhihui, et al.
Study on Preparation and Electrochemical Performance
of NiMoS,@MoS,[J]. Rare Metals and Cemented
Carbides, 2023, 51(4): 47-51.

A, BE®, FURW, 5. 4590 K 1K NiCo-
MOF EXS R LA SRR RERFVE (], AN THOR,
2024, 61(1): 7-16.

NIU Tingting, MAO Xiling, YAN Xinyu, et al.
Energy Storage Characteristics of Three-Dimensional
Nanoflower NiCo-MOF Asymmetric Supercapacitor[J].
Micronanoelectronic Technology, 2024, 61(1): 7-16.
Hher, FALsR, dKEME, 5. mPERE Ni-Cu-S HIMR
FORHE R 2 r 250 HH R [0, AR IR 24 (A
SRBFERL) L 2023, 55(4): 28-35.

CAO Weiqiang, WANG Zhongqiang, ZHANG
Guodong, et al. Application of High-Performance Ni-
Cu-S Electrode Material in Supercapacitors[J]. Journal
of South China Normal University (Natural Science
Edition), 2023, 55(4): 28-35.

(TR, F24)

Polyvinyl Pyrrolidone-Assisted Synthesis of NiCo,0, Microspheres and

Their Electrochemical Properties

ZHANG Yaqin, YAN Weihua, TAN Yapeng, GAN Xiwen, LI Fuzhi

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to prepare electrode materials with high specific capacitance and good cycling stability, spinel-
type NiCo,O, microspheres were prepared by surfactant-assisted co-precipitation using polyvinylpyrrolidone (PVP)
as a surfactant, and the effects of surfactant dosage and alkali source on the electrochemical performances of NiCo,O,
materials were explored. The results show that the prepared NiCo,0O, electrode material has the best capacitance
performance when the dosage of polyvinylpyrrolidone is 1.5 g and the alkali source is NaOH, and the specific
capacitance reaches 642.8 F/g at a current density of 1 A/g. Meanwhile, the capacity retention rate of 73.6% is achieved
after 1000 cycles of constant-current charging/discharging, showing a good cycling stability.

Keywords: polyvinylpyrrolidone; coprecipitation method; NiCo,0O, microsphere; electrochemical property



