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¡ 1  NiO-ZnOC�FN� NiOR XRD¡¢ 

Fig.1  Typical XRD patterns of the NiO-ZnO and NiO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¡ 2  NiO-ZnOC�DEFR XPS¡¢ 

Fig.2  XPS patterns of the NiO-ZnO: (a) full and (b) high-resolution 
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� 3   NiO-ZnO���� ! SEM" TEM#$ 

Fig.3  SEM (a~c) and TEM (d) images of the NiO-ZnO 
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Table 1  Specific surface area of the sample (m

2

/g) 

Single-point method BET method BJH method 

69.575 71.425 139.404 
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Fig.4  Isothermal adsorption/desorption curves (a) and pore 

size distribution plot (b) of sample 
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� 5  NiO-ZnO;<=>?@ABC� NiO" NiO-ZnO; 

10 mV/s!DEFG+, 

Fig.5  CV curves of NiO-ZnO nano-fibers at different scan 

rates (a) and NiO-ZnO and NiO at 10 mV/s (b) 
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� 6  NiO-ZnO;<=	HIJBC� NiO" NiO-ZnO; 

1 A/gB!K	+, 

Fig.6  Galvanostatic discharge curves of NiO-ZnO at different 

current densities (a) and NiO-ZnO and NiO at 1 A/g (b) 
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� 7  NiO" NiO-ZnO; 1 A/gBDELK	 1000M! 

	NO�"PHQRS 

Fig.7  Cycling performance at 1 A/g (a) and EIS data (b) of NiO 

and NiO-ZnO 

 

� NiO-ZnO h9ijk������0 7b���R

� �0���!´x"#$��"#$%@�-L

X&ðL��%@'&LX&ðL�'&

[16]

�0 7b

-� NiO-ZnO�LX&ðL�Ö�6 NiO����ø

ZnO #(ó(vw������Lð'É�(!´

NiO-ZnO�%�)f&6 NiO�-� NiO-ZnO� NiO

R ��L_*a' 

��������

1) +§KLMNO�Å 650 ,-.�PQ,�

/û�> 10:1 � NiO-ZnO h9ijklmno'u

no01À> 200 nm�¾@�&6 25:1�½R�&�

BET �-./�2R !34� !GH01>

13.371 nm' 

2) NiO-ZnO h9ijklmnoxy,z{�

ij|}~�5&Á¥L�_�#ßt 461 F/g�� 1 

A/g �L�£�g��L_�L_ÇÈf�166�

NiO no�Å� 1000 ÃÄpq��10:1 � NiO-ZnO

h9ijk��L_7ÇÈæ89� 81.2%�12,

6:�pqÎ�a' 

 

����    References  

[1] Yu Z, McInnis M, Calderon J et al. Nano Energy[J], 2015, 11: 

611  

[2] Zhang G Q, Yu L, Hoster H E et al. Nanoscale[J], 2013, 5(3): 

877  

[3] Wang Jie(T U), Xu Youlong(VWX), Ma Jianhua(YZ[) 

et al. Rare Metal Materials and Engineering(1234567

89)[J], 2012, 41(8): 1467  

[4] Xu S D, Zhu Y B, Zhuang Q C et al. Materials Research 

Bulletin[J], 2013, 48(9): 3479  

[5] Deng J J, Deng J C, Liu Z L et al. Journal of Solid State 

Electrochemistry[J], 2009, 13(9): 1387  

[6] Zheng J P, Xin Y. Journal of Power Sources[J], 2002, 110(1): 

86 

[7] Yang W L, Gao Z, Ma J et al. J Mater Chem A[J], 2014, 2(5): 

1448  

[8] Wang Chong(T \), Wang Dianlong(T]X), Wang Qiuming 

(T^_) et al. Chinese Journal of Inorganic Chemistry(`a

���b)[J], 2010, 26(5): 757  

[9] Chao Yajun(cde), Yuan Xianxia(fgh), Ma Zifeng(Yi

j). Rare Metal Materials and Engineering(1234567

89)[J], 2007, 36(6): 1110 

[10] Yang H J, Cao W Q, Zhang D Q et al. ACS Applied Materials 

& Interfaces[J], 2015, 7(13): 7073  

[11] Liu J, Cao W Q, Jin H B et al. Journal of Materials 

Chemistry C[J], 2015, 3(18): 4670  

[12] Lu M M, Cao W Q, Shi H L et al. Journal of Materials 

Chemistry A[J], 2014, 2(27): 10 540  

[13] Pawar D K, Shaikh J S, Pawar B S et al. Journal of Porous 

Materials[J], 2012, 19(5): 649  

[14] Chen Zhidong(klm), Guo Bing(n o), Cao Jinyu(p3q) 

et al. New Chemical Materials(�8rs56 )[J], 2012, 

40(11): 64 

[15] Jia Wei(t u), Xu Maowen(Vvw), Lei Chao(x y) et al. 

Acta Chimica Sinica(���b)[J], 2011, 69(15): 1773 

[16] Yang H J, Cao M S, Li Y et al. Advanced Optical 

Materials[J], 2014, 2(3): 214 

 

 

 

 

0 500 1000

0

80

160

240

320

400

480

560

 NiO-ZnO

 NiO

S
p
e
c
i
f
i
c
 
C
a
p
a
c
i
t
a
n
c
e
/
F
·
g

-
1

Cycle Number

a

0 2 4 6 8 10

0

2

4

6

8

10

 

 

 NiO

 NiO-ZnO

Z
'
'
/
Ω

Z'/Ω

b

0.4 0.6 0.8

0.0

0.2

0.4

0.6

0.8

 

 

Z
'
'
/
Ω

Z'/Ω



�2572�                                          123456789                                           � 47: 

 

 

Electrochemical Property of NiO-ZnO Nano-Fibers 

Fabricated by Electrostatic Spinning 

 

Duan Lianwei, Zhu Yabo, Tang Xiaotong, Cao Xingxing, Fan Heliang, Gu Xiuquan 

(China University of Mining and Technology, Xuzhou 221116, China) 

 

Abstract: NiO-ZnO oxide nanofibers with different mass ratios were prepared by electrostatic spinning method. Their structure, 

composition and morphology were characterized by XRD, XPS, BET, SEM and TEM, respectively, and their electrochemical properties 

were also investigated by electrochemical workstation. The results show that when the nickel and zinc ratio is 10:1, the obtained 

nanofibers possess large surface area of 71.425 m

2

/g and are porous with mesoporous diameter of 13.37 nm. Electrochemical tests show 

that the 10:1 sample has clearer redox peak and larger discharge capacity than the pure NiO fibers, in which the value of the capacity rises 

from 331 F/g to 441 F/g under the current density of 1 A/g. Eespecially, it still remains 81.2% of starting value after 1000 cycles, and its 

maximum capacitance is 461 F/g at 0.5 A/g, which shows the excellent electrochemical performance of the sample. 

Key words: electrostatic spinning method; NiO-ZnO nanofibers; characterize; electrochemical properties 
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