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ZnO/CuO Microspheres Modified with Nitrogen-doped Carbon-coating for Lithium-ion

Batteries
ZHANG Gaoju, REN Haibo, LI Wenzheng, WANG Gang

(College of Materials Science and Engineering, Anhui Polytechnic University, Wuhu 241000, China)

Abstract: ZnO, a transition metal oxide, possesses a high theoretical capacity of 978 mAh-g ! as an anode for lithium
batteries. However, its cycling stability and capacity retention still need to be improved. Therefore, ZnO/CuO micro-
spheres modified with nitrogen-doped carbon-coating (ZnO/CuO/N-C) were synthesized using Cu-ZnSe microspheres as
a template and dopamine hydrochloride as raw material. This synthesis strategy simultaneously achieves the conversion
of active materials, construction of internal pore structure, and coating of external conductive carbon layer. The electro-
chemical properties of ZnO/CuO microspheres anode are greatly improved after the treatment of nitrogen-doped carbon-
coating. The pyridine nitrogen, pyrrole nitrogen, and graphite nitrogen are formed after nitrogen-doped into ZnO/CuO
microspheres, significantly increasing surface active sites and promoting ion electron transfer. A large number of defects
are generated in the inner composites after carbon coating, advantageous for providing more active sites for surface redox
reactions. The ZnO/CuO/N-C microspheres as anode material of Li-ion battery exhibit excellent electrochemical proper-
ties. They still display a high specific capacity of 1010.4 mAh-g™' at 0.1 A-g ! after 200 cycles. The specific capacity of
ZnO/CuO/N-C microspheres anode could reach 447.1 mAh-g™' at a high current density of 1 A-g "' after 1000 cycles. The
excellent rate performance is exhibited in the process of Li* ions insertion, ascribed to a high contribution of pseudo-
capacitance. The improved electrochemical properties of ZnO/CuO/N-C microspheres can be ascribed to the following

factors. The structural integrity of composites could maintain by buffering volume expansion after carbon-coating. The
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electrolyte infiltration and ion transport can be promoted due to the existence of internal pores. A high capacity is caused

through the conversion and alloying reactions of between ZnO and CuO.

Key words: ZnO/CuO; N-doped carbon; microspheres; lithium-ion battery

P it AN ] B A R TR G B D DL B BIR
(PR A R, &b i e FR b PR & RS, B e
WSRO IE A MERE, MR B Sket, £
XZ A BER R R ST, (HEEE R I KR,
S BB ZR T T Y A N AT i Ml A Rt B
mtEREI TR . A S, IUE 4R A A A
kB, BA RIS AE S (~1000mAh-g ), h&FE,
KRz, G R BRSO R A AR
G

S —Fiemtt, —ouid 4R Sy Tim
AR E P2 BT, dmiertas
RGP AT L G AL T, (RS R & TP,
W F0 2 2 T F R BB A BRI 7R oK B A
BRETIR . ERS ST RS NHARSE AR R IR =0
U & R R AL R S BUAR AT B8 ORI AR A RO,
SR, ZIEDREAGE PR 2 A A7) 52 A4 BRI K 1) 758 TR
P, ERHFRERFERE, AR RE.

ZnO fEN—Fd P& B Ay, HEpth s E

N 978 mAh-g™!, T B AML(374 mAh-g !

Bl ANE T s SR 4B AR A A7 LR, ZnO JE I %
W N & EACHLRIE R AR, AT sk — B 5T itk
R AR, BRI Ah, ZnO 5 H Al I 5 JEA
W(TMOHILL, BAE T3 HUAR TR, M5
LR, O T b DRI RA SRR, FEARL
A A AT AR I AS ) <2 Je 22 16 (0 e TR 4 1
RIS BRI, E2 UEREERZE
FHBREITR, LSRR 5 R IR R A
ER LR i

Blt, AWFFLLL Cu B251 ZnSe TERHAR,
MM 2 B E B AL B, TEM BN — TR AL
TR IR « WsEId RE T, AR R Al (Se) 2 Uk
JaEBR, FERRLA BRI OEIE , bR AR ORI DA
LB T Is . Bt e, MRAMNIE UL 2B R
TosE BaR)Z, MTIZE M ZnO/CuO/N-C K, 42
THE I L 2R A PERE -

1 SLWHE

1.1 ZnO/CuO/N-C &R
1)9.6 g AEABIIMANEES 120 mL £ 1K1

J. Inorg. Mater., XXXX, XX(XX): XXXX

Bemd, $iiEE 1 h AR .

2)0.7896 g fifiky . 1.834 g ZFREEA 0.085g /K
A EALH D BN 30 mL S AR TR R
MZENIET . BEER 20mL £ —FE. 1.753 g £ %
VU Z A 0.05 g 1 78keddk = R B+ 1 h,
TREWITE 180 °CHERE M. 20 ho it [E AL 8 L 5 0k
T 5153 Cu-ZnSe ¥ K .

3)# 0.1 g Cu-ZnSe JIA 25 mL 4 7K H i 75 43
B, GRS 0.4 g =R F S 0.15 g Tris 21
M. WEEVET pH = 8.5~9.5 J5, NI 0.03 g thfk%
i, BEPE 24 h JEebde. BT, BRIEE AR K.
B ARBNE Kb, EEART T, BL5°Comin™
THEZ 400 °C, 1B 2 h, A A5 5] ZnO/CuO/N-
C WKER. £ Cu-ZnSe M54l B, 782U E
Ll 5 °Comin! FHEZE 700 °CHERE 1 h, 157
ZnO/CuO ¥Rk K .

1.2 ERFEFELENE

B AR AL T H R BN R AR 4R R AN DU
B 720 1 WERE S, MG R N-H kg
BB (NMP) i 6~8 h J& , RATTEMIH o FAl A 72
TR (60°C) 18 40 min J5 #4655 3 B 25 T4
(70°C) 1+ 12 he FBTREAE 10 mm B 7 OF
PV REE 0.5~1.5 mg-em2). EEAHAHFER
OKFIEIRE =1 pL- L) 2% it SR BESE X
B, SRR, 1 mol L' /N BRI B IR 2
WElE /B IR — CBR(EAR L 1 D e G
E 12 h J5iE AT, -

1 FH 85 H F R R R ((BT2013) A 2, iy T
WA FL L A A PR w) ) IIAARS 2 L I AIMEIR 78 3
HPERE . HUEE 8 0.01~3 V.o {8 B Ak 22 T AR,
(CHI600D Y, Fifg g AN ES 20w )M AE F R 22 (CV)
pzk, MRHBER O 0.1~1 mV-s™'. [FEREA A
102 T ARSI & AL 22 BE BT (RIS IS I, M [ Ry
10 '~10°Hz.

WA Rh &5 W FRAE J7 v AR 223X 550 LR 78 44 k)

2 HR5R

2.1 MEIRMF R S 44
K S1 A4 ZnO/CuO/N-C T ERA B & s B

www.jim.org.cn



(MR RL 4R 3

ZIAFELL Cu-ZnSe AR, KEBImAEGE, —
B B2 8 A ZnO/CuO/N-C H & 8.

Kl 1 A4 Cu-ZnSe kK. ZnO/CuO kIR 5
ZnO/CuO/N-C TCKERI) XRD K. B 1)+ i
47 5 06 147 5 5777 i & ZnSe (PDF#37-1463)FH UG AL
1(b)*F ZnO/CuO/N-C i F 26=31.7°, 34.4°,36.2°,
47.4°, 56.6°, 62.8°, 67.9°4k [IHT I U8 53 5 % B 7S T
i 2 ZnO FrUE+ F (PDF#36-1451)11(100) (002)-
(101)~ (102)~ (110)~ (103)~ (112)d#4TH - fi2 T 26=42.2°
Qb (AT SR DB G B LR B R CuO bt v (PDF#44-

0706) ff] (102) &% T - ZnO/CuO/N-C #§ fiF & 5
ZnO/CuO L R KA 284K, Cu-ZnSe WUKERZ 1T 5
B A S, ZnSe FHEIEIH K . IX R A RR T,
RBRBOUEGH CuZnSe CAEEHEEN
ZnO/CuO. M#EHF AN, HHESF Cu-ZnSe.
ZnO/CuO Fl ZnO/CuO/N-C ] ki KN4 5 H 29+
28, 8nm. ERURARFAHIEIIEHL R, ZnO/CuO/N-
C SRR FEINGH /N, 407N 1) Sl oRL (8] % B 2 1)
R N TEE VATV Qi R~ = G = S isi
BT AL gt el

(a) ) Cu-ZnSe (b) i P
= e ZnO/CuO

- - =S
= 2 <&
g Sz <
= = ~Se )
z J l I £ & | 3
7] —A—A =]
= PDF#88-2346 ZnSe Q
3 =
E p—

L I \"I;; :r~~|’:<"\/:l;

. A |. : J.| P I 1“1111[111111111]“1111[

10 20 30 40 50 60 70 80 20 40 60 80
20/(°) 201(°)

K 1 (a) Cu-ZnSe 5 (b) ZnO/CuO/N-C [ XRD &
Fig. 1 XRD patterns of (a) Cu-ZnSe and (b) ZnO/CuO/N-C
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Fig. 3 SEM images of (a-c) Cu-ZnSe and (d-f) ZnO/CuO/N-C;
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Fig. 5 (a) Initial four CV curves at a scan rate of 1 mV-s™'; (b) Charge-discharge curves for the Ist, 2nd, 3rd, 10th, 20th, 50th, 100th
and 200th at a current density of 0.1 A-g™!' of ZnO/CuO/N-C anode; (c) Cycling performance of ZnO/CuO/N-C, ZnO/CuO and Cu-
ZnSe anodes at 0.1 A-g™'; (d) Rate performance of ZnO/CuO/N-C, Cu-ZnSe and ZnO/CuO anodes
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Fig. 6 (a) CV curves of ZnO/CuO/N-C anode at different scan rates; (b) lgi - lgv fitting lines; (c) Capacitance control proportion
histogram at different sweep speeds; (d)Fitting areas of capacitance control in CV curves at scan rate of 1 mV-s™!
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