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75 T I v B T LAY I A A gk Ak, R
TR F4 bk, WE T ARAS A 1 e R m AR, OnT AL
ARAF R RO 2 LAY, PR R K A
i LU FL A 1Y NiCo,0,, il e 24453 2 1 52 & F AR b
R ] B[R] e AR AS 5 04 A 08T L H 2 AR SRR E
PEOIEWNW, #&& 7Y ANC@NiCo0, & A #
RIS G AL rERE, 76 1A g BYHLR
RN B L A IR F] 9455 F-gt T HAE K
TG FT R G A 5 I L AR R R R, A
R R BRI AR ATV T 0 S F 25 g T AR B e
1 % I
1.1 {FI 545

U194 4% 47 (ATP,400 nm , 75 )0 BELFAS 4 Ak T A
BRZS ) ) 5 5 U 98 £ 45 FL U (D210C, K 17 ) Z 38
P b B S ) R AN G K B (1 2 S A AL e A
BN ED ) 3o i 1R i A A SR A B (v g i Ak 2 K
A BRA A ) SRR (NICL, - 6H,0, 75 Bl b T i 17
AR A4S (CoCly-6H,0 i #R B g 4k T
WA IRE (S Frd, ek TR A BRA A
Bk ol SR /KON R 4K (58 02 wS+em™).

fifi FiI 84008 74 4 FL 021 71 Y6 3% 4 (FITR , SHI-
MADZU ,Japan) JRZL4MEIE  KBr R 6l £
i 9 BIE B 500 ~ 4000 em™, 43 B R 8.0 em!, 14
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FREL 2 mmol (0.476 g) NiCl,-6H,0 F1 4 mmol
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Fig. I FTIR spectra of ANC (a), ANC@NiCo,0, hydrother-
mal precursor (b) and ANC@NiCo,0, (c)
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177 S £ 2 0 58 A5 FT s/, AR Scherrer 23 20 AT AT,
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JEW 300 °C, FE AT 5T 28 18R 2 NiCo,0, 7K #4
IR ) AS fiE 58 2 5% 1k N NiCo,0,, R I HE 45 15 B
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Fig. 2 XRD patterns of ATP, ANC, and ANC@ NiCo,0,
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(1) NiCo,0, FUKL Al 3 41 W] W 08 55, X & i T
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Bobe L B PRG3R A NiCo,0, Tk 5 HL i W 1Y)
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F th ,NiCo,0, 44K JiUk 34 5) 1 573 U fE ANC 2R,
PARAE 25 ~35nm Z [A] ,iX 5 SEM Z5 LI A — 3.
ME4A 7T LLE T, A 9 NiCo,0, 43 #7E
ANC Ji . NiCo,04 44 K JiUki ¥4 51 43 # . ANC 3
1, 47 F T NiCo,0, 5 FiL A W 78 732 fe 11 P Ak 2 1
RER B K. K] 4C J& ANC@NiCo,0, I = fi5id 5
TR L, AT LA B b B AR d = 0.244 nm
Fl d=0.142 nm 1 i 18 558, 53 3% NiCo,0, 1Y
(220)F1(440) T . [ 4D 2 ANC@NiCo,0, ¥ X H,
TFAT S R BEBA U NiCo,0, 0 2 i 4544
2.4 TSI Bt /R B 4 A

K JH A A B/ B (BET ) % %8 T ANC@
NiCo,0, W LA FFAE (ULIE 5). I SA /T LLAE
R T IV B AR 2% HL WS 3= A FLAT R ARG HR
TIE W B 25 i 2k, ZE AR R R T 0.6 B H BB R
it nl 2, R WM B AE R B A L. 75 AR T B W Fff
ORI, M N, 4T DL B £ 20 R A
Ly R, FBET J7 ik b5 b 2R AR i B X
JE71 plpo=0.10 ~ 0.6 tLAZE A, it Hrit &,
ANC@NiCo,0, FJ L R 79.9 m?-g!, B RH
L 2% AU T ANC@NiCo,0, B 44 o Ak 2 Pk fiE.
5B ML oA e, WETH AT LU B8}
BIfLAR 200 15 nm , A7 76D B LA KR AL.
25 BUFEHEEMRR

D) W& ER R 22 53 #r

Bl 3 2l NiCo,04A ,B)#l ANC@NiCo,04C,D)AY SEMH
A
Fig. 3 SEM images of NiCo,0, (A, B), and ANC@NiCo,0O,
(C,D)
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B 4 ANC@NiCo,O, i) TEM & /(A ,B), =i 4% TEM &
J (C)FEE X A7 41 18 (D)
Fig. 4 TEM images (A, B), high resolution TEM (HRTEM)
image (C) and SAED pattern (D) of ANC@NiCo,0O,
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Ni (110 9 480 Ak 348 Ji iz oz %), 1 48 Al 45 31 NCO-1 |
NCO-2 NCO-3 il NCO-4 ) it ft H L 5 43 ) Ky
928.8 F-g' 1008 F-g' 1055 F-g' #l 1020 F-g'.
Kl 6B nl L, BfiE ANC &M 0.05 g B m %] 0.15 g,
Jo i b A R K, L ANC F 2 3
K, A NiCo,O, 1y 4Rt T H K iy L R AR,
Z 1B 1 NiCo,0, FIURL Y AT 2R AHZ i T VA T
L 2 & ANC Fl NiCo,0O, 3L [/ 5k , i ANC
14 J5 e FE L 2 /N T NiCo,0, B FE L 25, X 42
A P RE T B B A R 3 BTk Y 2 NiCo,0..
I, ANC Hl i R Z 0, W4 = 5] 0.20 g B, 7K #k
7 A NiCo,0,4 A 2 DL — 08 ANC, #8811
ANC 3K NiCo,0, H /N, S B W4 A
T TH A4S B SR T A L S R LR . D]
6C UL, MEHHEEMN 2 mV-s! F+E 40 mV s
A ot 2 0 P YT 7D B B2 I A 41 A T K A
Al W 1 R A7 R 3R 5 0 1 R 67 33 R A T E B R AR
B, iX — IR BT H AR AR v AT P 7R X —
UL AN AN 2 0PI TN S S O 2 4 121
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Fig. 6 A. CV curves of ANC@NiCo,0, at a scan rate of 10 mV -s™; B. Specific capacitance of ANC@NiCo,O, vs. the amounts

of ANC; C. CV curves of NCO-3 at different scan rates

P E . A F] 80 mV -sT B, R IR
A PR X T AR R R T3 PR N
AE S A 78 70 1 S A A D e L3 IR, {ELUR: il £
14 S AL g S 475 S8 W A A7 7, R B ANC@NiCo,0,
T i HLAT B B AT BT R A

2) fH L ST AL o B

K 7 T ANC@NiCo,0, ¥ & 1H i 78 filt
(GCD) M1 8 Je i & He iR 2 iy gl P28 T LU
R BT R A & S I = A0, e il 2 Hh B
A, UL ANC@NICo,0, B il 52 31 (1) 2 ¥ 7 565 %
HLZ5. )\ GCD £ 51 NCO-1 ,NCO-2 \NCO-3
1 NCO-4 19 Jiz i [ HL 2543 51 860.0 F-g' .919.6



51 T RS BYE AR A S

At @NiCo,0, I & HUBB Y ] 4 S CH i A2 PR RE I ST

« 33 .

F-g' 9452 F-g' 1 9244 F-g', RES KM, Y
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Fig. 7 A. Galvanostatic charge and discharge curves of ANC@NiCo,0, at a current density of 1.0 A-g"; B. Galvanostatic charge

and discharge curves of NCO-3 at different current densities; C. Specific capacitance of NCO-3 at different current densities
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Preparation and Electrochemical Properties of
Attapulgite-Supported Nitrogen-Doped Carbon@NiCo,0,
Composites for Supercapacitors

WAN Hui, YING Zong-rong’, LIU Xin-dong, LU Jian-jian, ZHANG Wen-wen
(School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In this work, the attapulgite-supported nitrogen-doped carbon (ANC) was prepared by in-situ chemically polymeriz-
ing polyaniline coating upon attapulgite, followed by high temperature heat treatment, and then NiCo,0, was reacted onto the sur-
face of ANC by a combination of hydrothermal reaction and calcination to synthesize ANC@NiCo,0, composites. The chemical
composition and morphology of the samples were characterized by Fourier transform infrared spectroscopy (FTIR), X-ray diffraction
(XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and N, adsorption/desorption. The electro-
chemical properties were evaluated by means of constant current charge discharge (GCD) and cyclic voltammetry (CV). The results
showed that due to the high specific surface area and porous structure of ANC, the NiCo,0, particles were uniformly located on the
surface, resulting in large contact reaction areas with the electrolyte and improved electrochemical performance. At a current densi-
ty of 1 A-g’, the specific capacitance was up to 945.5 F-g", while at a current density of 16 A-g", it was 587.6 F-g", i.e., the capac-
itance retention was 62.1%, revealing a better rate performance. After 2000 cycles of charge-discharge process at a high current of
12 A-g’, the capacitance retention was 74.1%, higher than 48.7% of pure NiCo,0,, which indicated that the as-prepared composite

electrode materials had excellent electrochemical durability.

Key words: attapulgite; carbon; nitrogen-doped; NiCo,0,; electrode material; supercapacitor



