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Preparation of Nitrogen-Carbon Doped NiCoO, @ N-C-X Electrode Materials and Study on Their Supercapacitor
Performance ZHANG Man™ ,WANG Ying-xue , WANG Rui, CHEN Yu-lin,REN Li-xin ( School of Chemistry and Life Sciences,
Chifeng University , Chifeng 024000, China)

Abstract: In the backdrop of global energy transition and environmental conservation, this study delved deeply into the mechanism
underlying the influence of nitrogen and carbon doping on the electrochemical performance and energy storage efficacy of nickel-
cobalt-based electrode materials.Cobalt nitrate hexahydrate and nickel nitrate hexahydrate were chosen as the principal precursors.
Through meticulous manipulation of the hydrothermal reaction conditions and annealing treatment processes, a series of NiCoO,@
N-C-X electrode materials with varying nitrogen and carbon doping ratios were successfully fabricated. Advanced characterization
techniques , including Fourier transform infrared spectroscopy ( FT-IR ), scanning electron microscopy ( SEM ), transmission
electron microscopy ( TEM ), X-ray diffractometry ( XRD) , and X-ray photoelectron spectroscopy ( XPS) , were employed to
systematically analyze the variations in the microscopic morphology , crystal structure ,elemental composition,and chemical states of
the electrode materials before and after doping.The findings demonstrated that nitrogen and carbon doping effectively facilitated the
formation of a hollow sea urchin-like nanosphere structure in the electrode materials, remarkably augmenting the specific surface
area and the quantity of active sites.This,in turn, enhanced the conductivity, electrochemical activity, and cycling stability of the
electrode materials.Notably,when the nitrogen and carbon doping ratio was 1,the NiCoO,@ N-C-1 electrode material exhibited the
most favorable electrochemical performance, with its specific capacitance, current density, and energy density being significantly
higher than those of the undoped NiCoO, electrode material. Furthermore , this study further elucidated the impact of nitrogen and
carbon doping on the charge transfer kinetics and energy storage mechanism of the electrode materials, thereby providing crucial
theoretical foundations and technical support for the design and preparation of high-performance supercapacitor electrode
materials.
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(X=1,2,3)

2.1.6 X SOt R

XPS J& X SF2 5 FE 5 0 & AR RO, R
vt 2% T T, 75 1) D 77 A A 5 s P, 3 A X
JEHL T BAE T AR B, BRI AT AR SRR rh o R
R MR CE R, A X 400
LT RE % AU 4T NiCoO, @ N-C-X Y 2H )i 5 i & 7T
RAMEIATIREE AT, AE MR R4 TAER R
J912.5 kV KT 2237 16 mA | HEAT 2 A H 15
S8, Mg R 7 R e A R R L
BB A R 5 B4 S A Ni L Co .0 .C N X 5 FIoT R,
HENM&EMRTE 258 1.73% 1. 67% .
21.39% .72.13% 3. 08% , i i LA B ds vl UL &k
B Ni Co LR T RILHIFER 1:1, Bl 7b 24 Ni 2p
TR, Hor 7 T 854. 8 Fll 872.5 eV AbAY & ks 5
Ni2* FRAAIE W AF X5 37 5 860. 1.878.7 eV Ab i) & 4F
WEITJE T N B RRAE G, [ BE AT A B 4
ABUER RN R ARG, 173X 4 ASREAE 053 50 4R
T Co WPIFARMN A, BRIFE S R AELE Co™/
Co™ DA B¢ Ni™*/Ni* TR A S8 AL A, o S i W o 42
HET R 2 TR B a5, SE T AT LR R AN A
B Z A T AR A 1 H R S Y
e A&,
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a.NiCoO, @ N-C;b.Ni 2p;c.Co 2p;d.O Is;e.C 1s;£.N 1s
E 7 NiCo0,@ N-C [J XPS 43 Ll e & Te E A 401
Fig.7 XPS full spectrum of NiCoO,@ N-C and fitting

spectrum of each element

Kl 7d H O 1s #%1K,529. 4 eV &b By & 56T
N7 4 R - SEEE (M—O) B HRTIE D6 532, 7 eV Ab Ay I
S NiCoO,@ N-C H r L & (1) OH ™ &5 [ 2 1Y 5
TE 531. 0 eV Kb i e 5 A g o B T 1) 5 A R o L
AR EC AL B B 07 5, T A A 2 RO 4 1k BT
ZHAF I AL PEm i e tERE . &l 7e T
7N,C 1s BERE AT 283.9 284, 7 L) % 288. 1 eV iX
3 AN, Al 435 C—C . C—N LI K C=0 X 3 i
AR XS B, C—N B A 77 70 26 B e 4 )8 4
wYrhfefe mZ B, B 76 8 N 1s 3% 18, N
B LMK S U BE-N LI -N DL B 244 -N 3 3 41
FRIEWGE , P 25 -N AR AR 5 A R T B AR
B I3, 00T 399.1 eV b Y A S I 5
5 T2 IO BB AV p , 33X AR A A A B A 1Y
At T2 A& . XPS #F—25El] T
RIRCE RN/ B NiCoO, M, 1% -5 /i i
Jitiz Y 2 Fh R AEF-BeAs Hh 2518 m — 2L

UL e T R L A L - AR N o
FIRESS R N2 /N L B Co™ /Co™ R L5 I T AR
2 .3 frzs, NFR ] LUE 2] Ni* /N> A i FL

FEARAORAFAE 1. 043X SR BRI Y15 2 0 T AR b
HNi PRI LR ASEI . SR, Co™ /Co™
FERE i R T AU EE 20 551 R 0.64.0.99, 0. 86,
0.71, MIXLERFRW], Y5 AE WM, Co BT 4HH
BT Ni B 7 A S w00 BRI EA S, iRy
IR T S 2 A G LS R IE
&2 NiCoO, 5 NiCo0O,@ N-C-X A Ni 2p Y
KA GRS IR T AL
Tab.2 Surface binding energy and atomic percentage of
NiCoO, and Ni 2p of NiCoO,@ N-C-X

Sample NiZ*  av/%  Ni¥*  at/% Ni**/Ni**
NiCoO, 854.8 50.93 855.6 49.07 1. 04
NiCoO,@N-C-1 ~ 855.0 50.93 855.9 49.07 1. 04

NiCoO,@N-C-2  854.9 50.93 855.8 49.07  1.04
NiCo0,@N-C-3 8549 50.93 855.6 49.07  1.04

£ 3  NiCo0, 5 NiCo0,@ N-C-X [ Co 2p Y
RES GRS T AT
Tab.3 Surface binding energy and atomic percentage of
NiCoO, and Co 2p of NiCoO,@ N-C-X

Sample Co** at/% Co™* al/%  Co*/Co**

NiCoO, 783.1 28.16 781.7 71.84 0. 64
NiCoO,@N-C-1 ~ 782.9 49.95 780.1 50.05 0.99
NiCoO,@N-C-2  783.0 41.75 780.3 57.82 0. 86

NiCoO,@N-C-3  783.0 37.42 780.6 63.68 0.71

2.2 AR

AR SCHTAT U B B RRORA e} E Ak 2 3 2
FH = R AR R I, 1 8 S AR S5 v i R F ) |
2 TR R 2K, L3 mol/L ) KOH 5K A
PP B FE T TR R A EE AR ARl T A A
RO H 5K H AR AV H AR 43 301 oh 2 HL LR RN XS
W, TAEEARAE AT B AL 2502 A 7 B A
FEL A VR PR I 24 b, o R i YA BB 8 T 40 1R T PR A

FHEL,
/7

Counter electrode l
(platinum electrode)

Working
electrode

Reference electrode
(calomel electrode)

electrode
solution

B8 sfbE T EniRiEk
Fig.8 Schematic diagram of electrochemical workstation
2.2.1 fEfi s 2k
GCD J2 LIE HL L 4% 1 g 25 X T AR i
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JE R 1 A/g B} NiCo0O,@ N-C-X(X=1.2 3) Ay
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B9 NiCoO, K NiCoO,@ N-C-X HJ GCD Hiizk
Fig.9 GCD curve of NiCoO, and NiCoO,@ N-C-X

2.2.2  ZMERRMR A

AP R 2 ( Linear sweep voltammetry,
LSV) S 3d 2o b it i v o7 55 38 5 HE AL =2 ) 1Y) 722
I FR DA S e F AR 1) FEL AR 22 D5k

NiCoO, & NiCoO, @ N-C-X X 4 &L 5 1y
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A, BT A ORI T BE A F AL B RS Bl T =
PRAA g K ik — 2 b R B
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NiCoO, , RN AL A= W AETESE = T HL A L 1Y
AL AL s A PR BE . 1T NiCoO,@ N-C-1 AYH
Tt 2 B 1K R B K, NiCoO, @ N-C-2 5 NiCo0,@
N-C-3 H, i 25 5 14 K i 32 it o SRR 45 22 o i 11 3
FMREAR O 0BT o B 1 2 Sk SR B 36 7
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Fig.10 LSV diagram of NiCoO, and NiCoO,@ N-C-X
2.2.3 AU HBTINL

A2 3t BEL 9T ( Electrochemical impedance spec-
troscopy , EIS ) & 7E — & M A I 52 Wl T, it ot — 1>
TUINEBZARS | DAL T 9 B AR £ 1 Fi A i i
R, BRI T 7 A 4 6 P A LS 11 T 3
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Fig.11 Nyquist diagram of NiCoO, and NiCoO,@ N-C-X
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2.2.4  fEIMRZ KRG E MEINIA

TAEH M AT K 10 ~ 100 mV/s 5148 F 1)
NiCoO,@ N-C-1 CV {fiZk, tn¥l 12a lron, ol LI
L Z MR R IR IR R TAE R A R
T A HL AR 2 R J2 LA AT oA, 3R A v e i i
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BIGTEREIE N 5 A/g 5440 T 4 20 000 1R
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Fig.12 a.CV diagram of NiCoO,@ N-C-1;b.Cyclic
stability of NiCoO,@ N-C-1 with current density of 5 A/g
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