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Preparation of N-doped nanosheets by vermiculite template method and its

lithium ion capacitor performance

YANG Fang'’, YANG Yubo’, ZHANG Leshen’, YANG Shaobin’
(1. Ordos Research Institute, Liaoning Technical University, Ordos 017004, China;2. College of
Material Science & Engineering, Liaoning Technical University, Fuxin 123000,China)
Abstract: Nitrogen-doped carbon nanosheets with layered structure were prepared by template etching using
crystal violet as carbon source and vermiculite as template. The effects of carbonization temperature (600 C,
700 C, 800 C, 900 ‘C) on the structure, morphology and electrochemical properties of nitrogen-doped carbon
nanosheets were studied. The results show that with the increase of carbonization temperature, the interlayer
spacing of carbonized crystal violet increases first and then decreases. The crystal violet carbonized at 700 'C forms
a thin gauze-like nitrogen-doped carbon nanosheets with vermiculite morphology, and the specific surface area is
154.614 m’/g. The sample carbonized at 700 ‘C was assembled into a lithium-ion battery, and the constant current
charge and discharge test was performed at a current density of 0.1 A/g. The reversible capacity was 410.7 mA -h/g.
At a current density of 2 A/g, the reversible capacity was 192.9 mA -h/g, and the capacity retention rate was
87.5% after 500 cycles at a current density of 2 A/g. The lithium-ion capacitor was assembled with the sample
carbonized at 700 C as the negative electrode and activated carbon as the positive electrode. The power density
was 2 000 W/kg, the energy density was 58.17 W-h/kg, and the capacity retention rate was 56.5% after 300 cycles
at a current density of 1 A/g.
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Fig.1 carbon nanosheet patterns prepared at different carbonization temperatures

5FPRE R K S UL 2, FE & CN-700 1
BHHTHRBIE S WE 3, hE 207 WL, KRB IR
Vi SR A5 B i 45 B RE S C V=700, HEBOWIE 1 o R
BN e S (4 ARG o 3 e AR A ) B
B S S I A AR A5, ELBE A Bk Ak T
Jn, B Ak 2 SR A )2 Ta)EE S B RS I o BE A

(d) CN-800
B2 SRR R RBTIE S

Fig.2 scanning electron microscope morphology of 5 samples

CN-700 ELAT MW | ¥ 5 gk v 24549,
E5ZZ R R . BT S5 RE
CN-700 [ I 25 4, R 32 5 oL B8 1 A7 W0 %%
mE 3R IL, CN-700 2HmEH . MBS, H
FEFE N K AL LSRG T RN — R 99K B 2 T8 2 B
AR T 25 4 o

(¢) CN-700

(e) CN-900

TTFITRERARKRZZR (BARZEM)

PI1IE . https://fxky.publish.founderss.cn



T IRBAKRTFR (8 RAFR)

% 44 %

--

3 FEAL CN-700 1935 5 fL BETE 50

Fig.3 transmission electron microscope morphology of CN-700 sample
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Fig.4 nitrogen adsorption desorption curves and pore size distributions of four samples

4 (a) ATUL, 4 PR &, 2 580 A Y TV
RISEIR 2R, HAT H3 AU 530, Rk A I
JFPHEZE M R ERAALE N £ 5. 4RI R
TFRAY 51 43.658 m¥/g, 154.614 m*/g, 81.207 m?/g
127488 m¥g, M4 (b) A UL, BEE AT+
1R, 4 PSR AR AR FL AR R SR K 0N, 4300
A0.144cm’/g, 0.791cm’/g, 0.453cm’/g, 0.257cm’/g,
S FLARHE R /NI P AR YK R 3.062 nm, 3.413 nm
3.056 nm. 3.407 nm.

AR 2T H, Y IR EE A 600 C TR &
700 “CHY, W8 A AR T A TR S A I8 A 1 2R
S, FESLAY LRI R . iR B M 800 CHHE 2
900 CHF, HBESh T BB K F & A e B K g R Y
B, AR EwEE, #HREEURRE
2.2 BUEMEagESH

5 B EE S (CN-600, CN-700, CN-800, CN-
900, CV-700) 97l 4k WL IEl S, ASIA] i 2%
JFE T BOE IRRE RN R 2 0l DL 1L 6 FRIEL 7

A S A 0L, B CV-700 11 38 H, Hh 28 52 A A
RUFEME, FEfh CN-600. Ff i CN-700, Ff i CN-
800 FIFE & CN-900 1 70 FL fh £ ta i T EH 2k, J& T

A BRI AR . SRR S B TR
M KRBT L AP R R FH X (KT
0.1V) FMAPWX (FEF01V), HepFEaKXFEHE
5 Lifet )2 R B Am A ¢, BRI 325 Litfe
FAREZR T AW B AR S o 5 FhARE il 1 U0 FRL 25 i 0 )
J3542.3 mA-h/g. 1300.2 mA-h/g. 808.2 mA-h/g.
786.6 mA-h/g F1441.9 mA-h/g, B IKIEH AR
Jy 232.8 mA-h/g. 630.4 mA-h/g. 361.6 mA-h/g.
399.6 mA-h/g f1179.3 mA-hg, & IRIELRE
429 %, 48.5%., 44.7%. 45.9 %F140.5 %, 5Fh
PR B R R ORI AR, &R TH ML
IR, SELREIE B IFL AN AT 3 2 #E 5
BT WA R R, 5 CV-700 4t , Hifh 4
FAE A ORI s, PTRE Rt FAES M R
JZARTE S AT A ] i ERs D, R HE T Lit AL .
FE it CN-700 147 UL b 25 8 RN TR AR 0% A
FE 5 CN-600. FE 5 CN-700. #F£ 5 CN-800. #F /i
CN-900 FP R B . % 4 FRE S NS 2 YR FE O A
Wotts, midfbla TR, X RV E T
FRaEM R, SORMERG, HUH LA fe e 7E
400 mA-hgZE 4T, ORI 100%.

TTITRERAREZZR (BAREM)

M3k : https://fxky.publish.founderss.cn



% 6 41 Mo %, F B BME RS RARA AR &AL SR 765
3.0 3.07
— Ist — Ist — st
2.5 —2nd 2.5F —2nd —2nd
— 5th — 5th ——5th
2.0 —50th 2.0 —50th ——50th
2 2>
H1L5HY H1.5F
B "
1.0 107
0.5 0.5F
0 100 200 300 400 500 600 0 200 400 600 800 100012001400 0 100 200 300 400 500 600 700 800
2 /(mA-h-g™) 4 /(mA-h-g™) ZH/(mA-h-g™)
(a) CN-600 (b) CN-700 (c) CN-800
3.0 3.0
— st — 1Ist
2.5 —2nd 2.5 — 2nd
—5th — 5th
2.0 _ Soth — 50th
=
=151
il
10}
0.5
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500
ZiHE/(mA h-g™) ZH/(mA-h-g™)
(d) CN-900 (e) CV-700
ES IR TR Y = SRR (R N
Fig.5 constant current charge-discharge curves of 5 samples
1 400 110 500 4110 500 1110
et 100 100 100
1 200 g
~ * CV-700 ~400 + CV-700 + CN-800 _,\400f" gxé%% Fgo
1000 coN-600 130 o : - CN-600 +CN-900 {80 _ % \ ON-700 =
< 800 SONT00 o 5 £ 300 + CN-700 ;i <.c300——l L ENL800 leo %
£ ~ CN-800 2 60 = E + CN-900 =
< 600 0.1A/g = CN-900 9 <200 & =200 2% RS
o0k s pmronsd] 10 G B Q 10
% 400 B o o & %
200 20 100} o 20
0 P 1 r . 0
0 20 40 60 80 100 0 50 100 150 200 250 300 0 100 200 300 400 500
(N TEIR B TEIR AL
(a) 0.1 Alg (b) 1.0 Alg (c) 2.0 Alg
Bl 6 NFHLFE BT 5 FiE il G PR
Fig.6 cycle characteristics of 5 samples at different current densities
tooor S th 1 6 1T 7 AT LA th, S FIBEATE 0.1 A/g i
sook + CN-600 HL O U RR 100 R, T H AR A
P gi;gg 100.1 mA - h/g. 410.7 mA -h/g. 358.8 mA - h/g.
5 - TN pre= N
z 6oo-ﬁ‘?‘£5A/g +CN-900 367.3mA-h/gf1253.5 mA-h/g, ZRGEFERHIN
5l 0.1 0.1A/g 91%. 98.5%. 91.2%. 98.3% f197.6%. SFEMHTE
‘K¢[ 400 K 0.2A/g m e Vi N [EVIRY P
.y 0.5 Ay 1A/2 e 1.0 A/g BRI B T IEER 300 U, ATsiir ekt
e
2007 N S310946.7 mA -h/g, 217.9 mA -h/g, 164 mA -h/g.
D £ g N
. . L me— 178.7 mA-h/g 1 112.9 mA-h/g, ZmMHEE50 00k
OB s 87.9%. 97.8%. 97.7%. 92.1% FI191.8%. SFIFEH
B7 ORISR 5 FRE S Mo 2 TE2.0 A/g LI BE RGP 5005, ALl i LS

Fig.7 magnification characteristics of 5 samples at different

current densities

5N 21.3 mA-h/g. 192.9 mA-h/g. 96.8 mA-h/g.
135.5 mA-h/g F160.3 mA-h/g, %5545 R0 5K

TTFITRERARKRZZR (BARZEM)

PI1IE . https://fxky.publish.founderss.cn



766 TTIBRBBERKREF

W’ (aRAFm) % 44 %

57%. 87.5%. 87.2%. 75.6% F165%. Xkt 3 Fhg
T BT MR R 2 n] UL, A 5 CN-700 HE
B i a] b 25 b . O PR ME AR R R X B A,
RN HEARE N RIRGW, setsa Suh
WEFY BN 2 2l B, i i 2=k

AeA T HAh FE R RE s

5 R FE M (CV-700, CN-600, CN-700, CN-
800 A1 CN-900) FFEIRA 22 ph £k . =2 i BH Bt &l i
LS,

<.
— Ist S -0.
— 2nd NE -U.
— 3rd 20

; g

1.5 2.0 25 3.0 0 05 1.0 15 20 25 3.0

0.4
—~~ ~ 0
< <
L - T 04
2 - 2 -0.8
R 2
12
-4 —_— 16
0 05 1.0 15 20 25 30 0 05 1.0
CEREAY
(a) CV-70098H R Mk
02
0
202 3-
204 =
P-0.6 2

-0.8

HLE/V

(b) CN-6001HMR % il 2k

/v
(c) CN-700fGIR % Hhk

501 R, R, Z 4 CN-600
YN S — CN-6004UA

. & CN-700
A0r o cPEL [ v
g CN-800 #8145

" CN-900

-30 T CN-900 14

FHHT/Q

20+

-10

0 05 1.0 15 20 25 30 )
/v

(d) CN-800fE¥MA 2 il £k

05 1.0 15 20 25 3.0 0
ZENEAYS

(e) CN-900fEFRIR 2 Hh 2k

1 1
S 50
(f) ZZHBHHTIS

K8 SHRER BRI 22 I £ SR BHAT I 1 1

Fig. 8
mES8 (a) ~E8(e) AI UL, SHFEESTEE IK
PEFR T, T20.01 V., 0.75 VT H 30 2 4> 34 5
TE0.3 VI B L . Horp, 0.01 VR AR
JEUEE ARl A4 Ak J2 TR 1 ] itk B R, 0.75 VX 1Y
W 0 25 SELRE ML BUA 6. TEIR LG,
W BN, RIS T RE iy SELEE, 0.3V
X IO7 B AR AR U6 SRy Lt DA 290 K R )2 T 10 Bt s ol 7
HE S (f) mIhL, FEdh CN-700 38 FBHATE A/,
X B i TRE AL CN-700 7E 700 °C T IE A )T
ZIRRANK gk, fRAt T RAFRY S
W LA SR, T 4 R AR S (ON-
600, CN-700, CN-800, CN-900) AYBHALIIA(H ,
W1,
F1 SHEBMABRERSE

Tab.1 equivalent circuit fitting electrode impedance
parameters
A
- A H
RJQ RJQ
CN-600 6.20 74.52
CN-700 4.96 49.81
CN-800 4.26 78.92
CN-900 5.99 85.21

cyclic voltammetry curves and AC impedance fitting spectra of 5 samples
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