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Fig.3  Initial charge-discharge curves at 1 C (a) , cycle performances diagrams at 1 C (b) , 5 C (c) , 10 C (d) , and rate capability (e) of the 

LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3 

and LiNi

0.03

Co

0.05

Mn

1.92

O

4 

at 25 ´ 

 

ÏUK5 25 �CDE�LiNi

0.03

Co

0.05

Mn

1.92

O

4

�

LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

5 5	10 CCDE�6��

u�Êe^Z� 5 C E��#6� 500 �§�

LiNi

0.03

Co

0.05

Mn

1.92

O

4

�#�:;+©ª 106.8 mAh·g

-1

<=ä 89.4 mAh·g

-1

�:;��tP 83.7%�� LiNi

0.03

-

 

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

%&'(:;«� 96.4 mAh·g

-1

�

p�§:;��tqr¥ 87.8%)10 CCDE��#6

� 500 �z§�LiNi

0.03

Co

0.05

Mn

1.92

O

4

��#�:;+

104.8 mAh·g

-1

�ä 70.7 mAh·g

-1

��`aK Al

2

O

3

�%&

'(6� 500 �§�#�:;«� 81.9 mAh·g

-1

�:;

��tP 78.2%)2��Y7 Al

2

O

3

p�z§�%&'

(�#N}�u¤¥���qr) 

H 3e P LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

� LiNi

0.03

- 

Co

0.05

Mn

1.92

O

4

5 0.5 ~ 20 CE¸���#6� 10��s

t�uH)�H9��L����#���^´�#$

&N8�ÅH�2 �ÈÉ��#�:;ë��=�)*

5st�5 C¨�Al

2

O

3

`a'(�#N}�u��
,

�`a'(�#N}�u) �LiNi

0.03

Co

0.05

Mn

1.92

O

4 

@Al

2

O

3

5 20 CE�#�:;P 84.5 mAh·g

-1

���`a

'(¡P 50.0 mAh·g

-1

��st¢³¥ 0.5 Cz§�1V

�#�:;«u¸�£ä 119.5 i 121.9 mAh·g

-1

)�

�`a'([��`a Al

2

O

3

'(��#���^

´��#�:;�|8�>��¤Z5��#6�

789�#$&N8�¤¥Z��wh�6�~�

�^¥)  

2.3.2  ����(CV)����	(EIS)
� 

a 

b 

5 nm 

150 nm 

150 nm 

10.6 nm 

(111) 

0.477 nm 

c 

0 40 80 120

3.2

3.6

4.0

4.4

 

P
o
t
e
n
t
i
a
l
/
V

Capacity/mAh·g

-1

  LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

  LiNi

0.03

Co

0.05

Mn

1.92

O

4

1 C

a

0 100 200 300 400 500

80

100

120

  LiNi

0.03

Co

0.05

Mn

1. 92

O

4

@Al

2

O

3

 LiNi

0.03

Co

0.05

Mn

1.92

O

4

b

84.1%

1 C

 

  

C
a
p
a
c
i
t
y
/
m
A
h
·
g

-
1

Cycle Number, n

88.4%

0 100 200 300 400 500

80

120

  LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

  LiNi

0.03

Co

0.05

Mn

1.92

O

4

c

83.7%

 

 

C
a
p
a
c
i
t
y
/
m
A
h
·
g

-
1

Cycle Number, n

5 C

87.8%

0 100 200 300 400 500

80

120

d

 LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

 LiNi

0.03

Co

0.05

Mn

1.92

O

4

67.6%

10 C

 

  

Cycle Number, n

78.2%

0 10 20 30

0

40

80

120

160

0.5 C

20 C

15 C

5 C

1 C

0.5 C

10 C

 

  

Cycle Number, n

 LiNi

0. 03

Co

0. 05

Mn

1. 92

O

4

@Al

2

O

3

 LiNi

0. 03

Co

0. 05

Mn

1. 92

O

4

e



�3132�                                      �������	
                                               � 49� 

� 4���� 1 C���	
��
 500����

LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

� LiNi

0.03

Co

0.05

Mn

1.92

O

4

�

�
��������
��������� !"

#��$%&'��()*-*+,-./, 500�	


��
�01234�� !"#5�67�89:;

<�#=>?@��ABCD�E6FG���G -

HI��
JKBCD.L12� Al

2

O

3

�34�M#

89:N<-HC@�#OPQRST��ABST�

M�
JKBUV7WXY

[11]

. 

Z�[\(]^ LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

�

Li

+

_`Ba��bcdefg 0.1 ~ 0.3 mV·s

-1

��h

fg 3.6 ~ 4.5 V������12��34��
�

���[ijk�l� 5.m� 5a : 5b no5�p

qbcdeNI�34�� !"#N<.rstu

�Gvw Li

+

de_`xyVzdbcde����m

L{|G �}.~C��� LiNi

0.03

Co

0.05

Mn

1.92

-

 

O

4

@Al

2

O

3

� !"��D�@�G -HC@.��

� #�#��� I

p

�bcde��� ν

1/2

����

B�����UV I

p

-ν

-1/2

���l� 5c.�� Randles- 

Sevcik����� Li

+

_`��� 

I

p

=2.69�10

5

n

3/2

A

1/2

Li

D C

0

v

1/2                        

(1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 4  25 ���� LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

� LiNi

0.03

-

 

Co

0.05

Mn

1.92

O

4

������� 1 C ��������

500������� ! 

Fig.4  Cyclic voltammetry curves of LiNi

0.03

Co

0.05

-

 

Mn

1.92

O

4

@Al

2

O

3

 and LiNi

0.03

Co

0.05

Mn

1.92

O

4

 before (a) 

and after 500 cycles (b) at 1 C, 25 � 

Mn�I

p

s#��(A)�n ���'�9��A Z�G

�=>(cm

2

)�D

Li

+

s Li

+

_`��(cm

2

·s

-1

)�C

0

Z Li

+

�>�H(mol·cm

-3

)�νZbcde(V·s

-1

).����(1)

��UV� #�$ Li

+

_`���u� 1n.m�J

�o5�LiNi

0.03

Co

0.05

Mn

1.92

O

4

� # A1 �$� D

Li

+

Z 2.69×10

-11

 cm

2

·s

-1

�L LiNi

0.03

Co

0.05

Mn

1.92

O

4 

@Al

2

O

3

� D

Li

+

Z 1.39×10

-11

 cm

2

·s

-1

�12�FG�� D

Li

+

���

rs�Z��B Al

2

O

3

12 ���FG��¡�

e��\¢-H£¤¥� Li

+

m�G�=¦�§¨n�

©9�ª«¬�­®[17]«¬\¯. 

Z�[\(]^ Al

2

O

3

12XB�FG��� a

�°±�²,³´jk LiNi

0.03

Co

0.05

Mn

1.92

O

4

µ LiNi

0.03

-

 

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

���y¶·H�� EIS���M

�¸� a E

a

�l� 6.«¬�6��¹·�12 Al

2

O

3

� LiNi

0.03

Co

0.05

Mn

1.92

O

4

���M�º�9�¤ R

ct

C01

2�»¼�s�Z��B�Al

2

O

3

 N½�%&'��G/

�§¾¿=��º�9�¤

[11,17]

.pq·H�À¼ÁÂ R

ct

ÃÄ���s�Z·HÀ¼�%&')*,-UV� �

¤Å?@.AÆÇ�� i

0

��¸� a E

a

���È�� 

0

ct

RT

i

nFR

=

                                (2) 

a

0

exp

E

i A

RT

= −

                          (3) 

Mn�i

0

ZÆÇ��(A)�RsÉ�Ê�(8.314 J·mol

-1

·K

-1

)�

T ZËH·H(K)�n Z�'�9��F Ì�ÍÎÏÊ�

(96484.5 C·mol

-1

)�AZ�·HÐ��Ê�.t Arrhenius

�n�B��U5Ñe k�«�£Ò�����Ó¡5

E

a

 = -Rkln10���U512��34�¸� a�jÔ

Z 36.24�32.92 kJ·mol

-1

.12�� LiNi

0.03

Co

0.05

Mn

1.92

O

4

��¸� a���rs�Z Al

2

O

3

12 N½�Õ�

�«Ö×¢B��À·,-n�Li

+

_`²Ø×¢�)*

ÙÚ�mLÛ Li

+

_`aÜ��. 

���  ��� X ��	�
� 

Z�[\(]^ Al

2

O

3

12�FG��«Ö×¢B

�°±�Ý 2 ÞFG���
���Gß[i� XRD

jk�«¬È� 7.Ý34¶\Õ=�
��àá#â 

 

� 1  LiNi

0.03

Co

0.05

Mn

1.92

O

4

� LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

� 

� Li

+

���� 

Table 1  Diffusion coefficient of lithium ion in LiNi
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Synthesis and Electrochemical Performance of Al

2

O

3

 Coated LiNi

0.03

Co

0.05

Mn

1.92

O

4

 as 

Cathode Material 

 

Wang Shimin, Liu Honglei, Guo Junming, Xiang Mingwu, Su Changwei, Bai Hongli, Liu Xiaofang, Bai Wei  

(National and Local Joint Engineering Research Center for Green Preparation Technology of Biobased Materials, Key Laboratory of 

Green-chemical Materials in University of Yunnan Province, Yunnan Minzu University, Kunming 650500, China) 

 

Abstract: Al

2

O

3

-coated LiNi

0.03

Co

0.05

Mn

1.92

O

4

 cathode materials were prepared by combustion method with aluminum nitrate nonahydrate as raw 

material. The structure and morphology of the materials were analyzed by X-ray diffraction (XRD), field emission scanning electron microscope 

(FESEM) and transmission electron microscope (TEM), and the electrochemical performance was characterized by galvanostatic charge-discharge 

test, cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). Results show that Al

2

O

3

 coating does not change the spinel 

structure of LiNi

0.03

Co

0.05

Mn

1.92

O

4

, and the coating thickness is about 10.6 nm. The LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3 

material exhibits excellent 

electrochemical performance. The initial discharge capacity of the Al

2

O

3 

coated materials are 119.9 mAh g

-1

 at 1C rate and 106.3 mAh·g

-1

 at 10 C, 

and their capacity retention rates are 88.4% and 78.2% after charge/discharge cycles for 500 times, respectively. While the initial discharge 

capacity of uncoated LiNi

0.03

Co

0.05

Mn

1.92

O

4

 are 121.2 mAh·g

-1

 at 1 C and 104.0 mAh·g

-1

 

at 10 C, and their retention rates are 84.1% and 67.6% 

after 500 cycles, respectively. Besides, the LiNi

0.03

Co

0.05

Mn

1.92

O

4

@Al

2

O

3

 has a lower activation energy of 32.92 kJ·mol

-1

, while 36.24 kJ·mol

-1 

for 

the uncoated. The energy barrier of lithium ion diffusion is effectively reduced and the electrochemical performance of the cathode material is 

improved by coating. 

Key words: LiMn
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; cathode materials; Al
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; coating; lithium-ion batteries 
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