
� 48�    � 2�                                   ��������	                                 Vol.48, No.2 

2019�      2�                        RARE METAL MATERIALS AND ENGINEERING                     February 2019 

 

�����2018-02-08 

���	����	
��
�51479019�21476035��������
�����3132016341� 


��
�������1981��� !��"#$%"�&'()*+�,�-. "# 116026�/010411-84727959�E-mail: 65058207@ 

qq.com 

 

CSTR ������� Ni

0.6

Co

0.2

Mn

0.2

(OH)

2 

�	
��� 

 

����������	�
���
����  ��������� 

("#$%"��-. "# 116026) 

 

�   ��2345678#9:;<=>?@  (CSTR)  *AB?�CDEFGHIJKLMNOPQRB

Ni

0.6

Co

0.2

Mn

0.2

(OH)

2 

(622)�STUDV Li

2

CO

3

�WXYZ[\]^_`a/bcdef Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

gh3i

j/_klm(SEM)nopqrs�Xtuvtw  (XRD)  xyt/_klm  (TEM)  z{EFpqV|B}~��3��

/����?@���/O���g}�����P�`a�_���F���r���EFVpq|���V��

α-NaFeO

2

}~g8/���� 2.8~4.3 V�1 C�� ¡¢�£a��/¤Dz¥� 206¦ 176 mAh·g

-1

�100a��Z

§¨©�ª\« 85%g 

����]^_/b�cdef�CSTR�4567 

�������TM912.9        ������A        �����1002-185X(2019)02-0587-07 

 

��������	
��
��������

���	������� !"�#$%&'(��

�	���)*+��,-	���./01�2�

�34�56�	�78�9:;

[1]

'<=78>�

��	�?@A�BCDE�FG�HIJK�	�

G��LM'NO�>?P��Q���	��<=

78�RQF��CS�TUVK��WX���	

�
�YZ["?��\]^_'RQ`aNb�c

defgheijkl+mnoG�pqdr�st

uv�wxy<=78�G��zH�{|�F}7

8~�NO�'( 1999 � Liu q

[2]

�)� Ni-Co-Mn

�������	�<=78+����78C��

��������r'LiNi

x

Co

y

Mn

1-x-y

O

2

RQF�"

�������"���������:�	��G

�L����VK�z/#*����st� ¡¢

£'NO�"�¤�¥¦G��§O�"hijk�

¨O�"h�noG����78©N�ª�wVK

78�����xy78�	«¬�h§78­"®

h�	jk�:¨�ª�w¯°78VK���

[3]

'

����<=78RQ 3 678�±²���³¤´

µ¶�5(�·¸�²¹º�� 3 678�Lr�F

	��G�»»¼)½z78�G�

[4]

' 

��78¾¿jk»hQNO��I� 300 

mAh·g

-1

�ÀÁ�>���~NO����	�<=7

8�?¾ÂÃÄ

[5,6]

'Å����<=78T�;�Æ

AÇ�ÈIÉÊËÌ�C���ÍÎ�ÏÐ�ÍÎ  

Ñ�Ò���/hÓÔÕÖ×1Ø���	�<=7

8

[7,8]

'½ÙÉÊËÌ�C>*ÚÛT�Ü��?CS

��ÍÎ;�TU'���h�kÝ�¬�Þ�Ðß

�Ùà��´á�'Fdr>�;�©zâã�äå

)æçÐ�;�k�·�g�è�éC=��êë'

CSTR ìÕ�CTU�+"�íîïæç'�ðñT

UÎò©�óô)*ã�õp�ö�+÷äøãm,

-¥¦qùÛúJ½Ù�C�56æç'ûü�RQ

ðñ�CTU�·ÈýG��w�þ��h;��k

Ý�¬' 

�T�Ç� CSTR ìÕ�CTU����78�

C©�����e	
e;�3��ò
���÷ä

ã��Cäå©`aìe�ìe������i��

zK��CÓ�����¤�����+m����

���q� !�øã�����"k�ã�,-�

�;�äåm���#kVK�$�hG� 622 X�

��ÍÎ' 

��������

Ð 3 6%OÒ NiSO

4

.6H

2

O (AR)eMnSO

4

·H

2

O 



¬588¬                                           ­�
®ef¯*+                                           � 48� 

(AR)eCoSO

4

·7H

2

O (AR)&ú�'���©�()*

+i n(Ni

2+

):n(Co

2+

):n(Mn

2+

)=6:2:2 ��C��`a

ì', 1� CSTRðñ-./$01,'� AÙ©2

��zKk�'���e�k���m��34��

��3>��56`a����7�8�9:��Ù�

� N

2

�����!�Ð`aì(;K�<k��ß�

Îò©�²¹=>?A�� NaOH&ìm��&ì'

Ù�@A©B2n-�C	D�=>Ù@AãÓò


ÐÎò�Ó�VKã��;K�Ó�EÈ'F 0.5 h

G0HI0H�÷äJ�KLMNOP��"km,

-����W�Q�RJ��S|T
U��EV�

�WXY�Z	=�+[¹\SÎò� pH ]�=>

?Aøã NaOH���km����' 

÷äã� CSTR ß�Îò�`aì<ke��<

keNaOH ��ke��^�q� �Îò©·ý"

ÊË��_)�/ä��e��e	
m,-`�ä

å���;�C­"zK��EVe����ami

bcd�ef���'g<)Îò����/ähñ

i¾1ØÕ��è'­Îäåj!kÅ AÙ©�&ì

¼äzKh�Ð÷älmg<Ø BÙ©nBÙ©��

�o·Ø��Ap�+@�qrØ AÙ©3�,-;

�njs BÙ©�,-��/ät�;�hu�Ap�

v�+÷ä&ìg<w÷äxqØ CÙ©t��Zh

÷älmx��y%�Ï�'���ß�z{|'ß

�}~� Na

+

eSO

4

2-

mF}��'ÐÉÊËHè� 70 

���©�� 24 h�ä�h1Ø ?�è' 

ïTUÎò��X�ã��PTU�[�ã��

¢�>�ß�äå©�=>Îò� pH ]����E

V���÷äã� NaOH &ìm�����k�(R

ã�P��"km,-�����Ý;���'��

h��ÍÎHèÑzKk� Li

2

CO

3 

(AR)����e�

��� 480 �����©B× 5 h�ÏÐÓ��h�

800 �Ö× 15 h�1Ø���	�<=78' 

([�9:�F 0.5 h0HNOP��"ke��

m�Wq�����F 1 h S�ÍÎHè� D50'�

���+���;�� Mastersizer 3000 XRJ��

TS|�ÍÎHè� D50m��EV����øã�

��'��� PE��;�� 5100ZLX����J�

TKkE_�ÍÎHè��CE'Ç��� TJA��

;�� POEMS q��ÎJ��T(ICP)E_�ª�

k'Ã� �¡¢£¤;�� JSM-6700F]#¥¦§

	�KLMNO�ÍÎHè�a'<=78Hè�P

X���¨�V©ª��;�� D8 ADVANCE X¥

Z«¥TE_'Ç� �	�¡¢£¤� JEM-2100 

X¬¥	�KLM(TEM)3�<=78Hè�ÃE	

�«¥(SAED)­H��º' 

Ð<=78e®¯°ePVDFeNMP ()�ki

2.6:0.25:2:4 ���÷ä±²��%�C�� 1 h�Ð

��³8��´µ�¶·Ü�.� 80 ¸¹º���

©�� 24 h�+`a�»�¼=��½����ùA

�©-�C¾¢	�'ô�¿		�S|ò
S|-

��¾¢	��	��G��À¬� 0.2Ý 1 C�Áá

		Â� 2.8~4.3 V'�ÜÃÄÅ CHI660C 	��T

�ÆÜ�	�3�¥¦ÇnS|m	��ÈÉ�ÊË 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 1  CSTR±²³´° 

Fig.1  Schematic diagram of CSTR 
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° 2  8 60, 180, 360¦ 516 h¸¹GVQRB�PV SEMº» 

Fig.2  SEM images of the precursor samples obtained at different time: (a) 60 h, (b) 180 h, (c) 360 h, and (d) 516 h 

a 

b 

c 

d 



¬590¬                                           ­�
®ef¯*+                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 3  8 pH=9.8�10.8�11�12.2¸V Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

QRBpq SEM° 

Fig.3  SEM images of the Ni

0.6

Co

0.2

Mn

0.2

(OH)

2 

precursor samples at different pH: (a) pH=9.8, (b) pH=10.8, (c) pH=11, and (d) pH=12.2 

 

������KLM!�+ïKNOØ�����Ó�

W��ëú�Îò���ñ�À�����m¹ø�

[10]

'

Å pH]iòörh¹�ÊËäå>Îò�ÆAòö�

Îò©�ã7�æÊËä�Ý�
�������Ó�

÷äKLMNOØW�����"kïK
��P�

·j�����¹�m¹rø pH�56#;��*�

#;� êÎòñ�òö'!���F}� �ê·

ë���!�?AÐ pH ]�ê�òör"����

å���!��¹øã����k��ýÎò©��

�ñ��ã���;����ôF��®�#��1

Ø¾Â��æ' 

, 4 �·² pH ]!� Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

�Í

ÎHè��EV'R Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

�ÍÎHè

�	�EV1Ø��$Ý SEM ,ß%���>��

z#�'Å pH=10.8 ¹�EV&Z'(�)�Hè�

	EV��nÅ pH �F}]¹�Hè���EV&

Z�*���EV�������Ï�+=E��W

���ùw,���³�'�[-��©�W���

hñ<=78���"�2�����-�:C�	

�78jk.
³Ó'!��ã� pH � 10.8 '(   

¹��+�$1Ø��EV��/�L0�ú��Í

Î��' 

�����CSTR����
������ ���!" 

1��T�Ü ¡Ç�½ÙÉÊËÌ��C��

�	����ÍÎ�ï2Ì���>;�zÙ��è 

 

 

 

 

 

 

 

 

 

 

 

° 4  Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

pq8¼½ pH¾¢V�¿zÀ 

Fig.4  Particle size distribution curves of the Ni

0.6

Co

0.2

Mn

0.2

- 

(OH)

2 

samples at different pH values 

 

è?A�Ù�Ï@�zÙ9:�z3;��Èý¢�

;�2¢Ñðñ;�TUÕi;��¬�lnRQì

Õß���4G�ã��EÝÞ�·²Ù�è�56

/Ü£�;7
�ôõ!8�è�VKGnÅß�h

u)*�kL0��¹���ÜÖÌi¾�F�!>

Æß�Ù./9��:"øã�;k�«#�;�k

�·�g�è'CSTR TURQ��Cäå©÷ä·

Èý´�ìÑg<��CzÍðñ��CÎò'÷ä

ã�Õ¢� �+ô&ì©��e;�e	
mÏ�

P�C���oØzÍ��ñ�òö�<�+�þ�

a 

b 

d 

c 

1.0              10.0            100.0 

Particle Size/µm 

20

15

10

5

0

F
r
e
q

u
e
n

c
y

/
%

 



� 2�                         ���µ1CSTR?@¶·��� Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

x/O���                     ¬591¬ 

�h;��¬�=�+>Ø�è#-�VKG�zâ

ß���ñ�)*7
��+÷är<�2Ì@��

?òö�"�íî·�g�è�)*' 

��#��$%�� Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

�&' 

Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

Hè�Ç� pH � 10.8��

CSTR ò
©�60 h ¹�º� Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

�

�ÍÎ�����©÷ä+ÛÖ×1Ø' 

2.4.1  �������X �	
���

��� 

[��$� Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

HèÇ� ICP2

ÌSKBE�ª��k�F© NieCoeMn �ª��

�CEjb 1  0'ï�sbïS|1Ø�"]Ñ¾

¿BCÏ��W�p@�Î��>RQS|2ÌmT

Aq�!éC��� 3 6�ª��æ�k�iBI�

/UAp� 6:2:2' 

, 5a � CSTR ðñ�CTU� !�$�

Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

� Í Î / ä C × h 1 Ø �

Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

Hè� XRD,�'R,�D�7

8­"�X��� α-NaFeO

2

���aQ R-3m ºÈ 

E�F2Pò

[11]

',�«¥GG�/eHIJK�Ö

4G)*'�,©(006)/(102)Ý(108)/(110)«¥GEL

ïK�Î>!�MÕ78���������EL�

ïKðïHè�����¤��©����"NGm

78�PG�¤

[12]

'G�ELå���WöJK��

�å�Ý����"NG�EL��ðï"NG� 

¤���å��W' 

³ù��,Á�� (003)Ñ (004)«¥G^�i

I

(003)

/I

(104)

÷Üß%����	�<=78© Ni

2+

Ñ

Li

+

��å��^O'ïi]jsWQ 1.2�v	�7

8©����å�h�PÎ���"N�å�l'j

s�Q 1.2�v�����å��O�78è��¤�

i]�h�bï78���"NG�¤

[13]

'�[�5

Í<=Hè� I

(003)

/I

(104)

?W� 1.9�»�Q 1.2�bï

<=78��©�äP`a��Ñ Li

+

�"NG�¤�

Li

+

�78©j�QR�"QQ78�Áá	G���

h'��3z4�úHè�PÎ���ô�¬¥	�

KLM�Hè3�SS'Gï78�ÃKE�	�«

¥­H4, 5b8�+UÌ1ØPcÈ@E�ÑcyT

2(003)e(101)e(104)e(015)Ý(110)PcÕU��Ñ

�c� XRDS|�sz#' 

 

� ���Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

�����	
 

Table 1  Chemical composition of Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2 

samples 

Element Ni Co Mn Me 

ω/% 38.82 12.66 11.42 62.9 

Molar ratio 0.6 0.2 0.2 1.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 5  ¼½¸ÁÂ Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

pqV XRD °Ã¦

Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

ÄÅpqVÆÇÈÉ/_vtÊp 

Fig.5  XRD patterns for Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

 samples synthesized 

at different time (a) and selected area electron diffraction 

patterns of resulting Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

 samples (b) 

 

2.4.2  ����������� 

���� Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

	=�	��ß�

äå�V2S|�	=�¥¦Çn(CV)XG&Z'�

3-¥¦� CV&Zj, 6a 0'�W 1-�=¦§

äå©�3.9 V"�)*7�G,:�W 2-mW 3-�

�=¦§äå©��7�G)*Q 3.79 V "�'�F

-X=¦§äå©�� 3.72 V '(Ú)*�Õ��Y

�G'Î 2ÍG��Q Ni

2+/4+

�7�Y�ß�äå

[14]

'

7�ÝY�GÔÈ	üp÷Ü~b�7�Y�ß��


²�äå�X�>ß%�	��äå©����Z

[�²��W�7�ÝY�GÔÈ	üp����¤

���Z[�²'¥¦Çn,©ïK�Gm�)��

�bïHè©�Q)ÑR�­"�¤��\G

[15]

' 

, 6b � Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

?]Hè	=�À

¬� 1 C¹�	ÂEÈ� 2.8~4.3 V�W 1e2e10Ý

20-�Áá	&Z,'j,© 0�ï	=Áá	&

Zi�ò^�	Âò_� 3.75 V'(�Hè�V-Á

á	jkE�� 206Ý 176 mAh·g

-1

�̀ a�¬oØ�

85%'��Áá	-"�
��Hè�á	k��
 

10 20 30 40 50 60 70 80

516 h

180 h

360 h

60 h

  

003

101

006

102

104

105 107

108

110

113

I
n
t
e
n
s
i
t
y
/
a
.
u
.

a

2θ/(°) 

b 



¬592¬                                           ­�
®ef¯*+                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 6  Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

ÄÅpq/dVQ 3a��ËÌ°¦Í

��� 1 C¸�� 1Î2Î10¦ 20aV��/Ïu° 

Fig.6  Cyclic voltammograms for the first 3 cycles (a) and charge- 

discharge curves for the 1st, 2nd, 10th and 20th cycles of 

the resulting Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2 

electrode at 1 C (b) 

 

W�
W�þ�ë/�ÎÑ[-��Õz#' 

, 7 � CSTR ÉÊË2Ì�$� 622 X�ÍÎ1

Ø� Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

<=78� 25 ��1 C� 

!�¥¦G�&Z'j, 0�¥¦á	ijkGV

-� 176 mAh·g

-1

!bØ 162 mAh·g

-1

�)*���þ

��.
'¥¦ 70 -há	ijkc�ê� 159 

mAh·g

-1

�HØ 100 -h.
Ø 154 mAh·g

-1

'�Dï

2Ì�$�<=78�V-¥¦.
h�hu�jk

.
�ú�¥¦VKG�L�'Îz"]I�QÇ�

Èý¢;�2¢�$� 622 X§N¨���	�<=

784� 1 C� !�V-á	ijk 170.7 mAh·g

-1

¥¦ 100-hjk�ê¬� 86.8%8

[16]

' 

� � 3 z 4 � � H è � 	 � � G � � �

Li[Ni

0

.

6

Co

0.2

Mn

0.2

]O

2

?]Hè	=3��d<ÈÉS

|be��-¥¦á	�f!78�d<ÈÉ,�j

, 8  0'�+�)�ghiX&ZÚ>R 2 Í�h

jEÝ©jE�klmljE�¥ZBC

[16]

�hjE

Ý©jE���klÑ	�	= SEI m��CeIn

	ÈÝ	opq	È"¢

[17]

'hjEkl��,©W

1 ÍklÀÁ�>RQ��78rD�����	ú 

 

 

 

 

 

 

 

 

 

 

 

° 7  Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

pq/d8 1 C ��¢V����

Ïu¦§¨©�Ïu 

Fig.7  Cycling performance and corresponding coulombic effici- 

ency of resulting Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2 

electrode at 1 C 

 

 

 

 

 

 

 

 

 

 

 

° 8  � 1Î2Î3a��Z�/�Ð¢ Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2 

Ä

ÅpqVÑÒÓÔ° 

Fig.8  Nyquist plots of resulting Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

 electrode 

after the 1st, 2nd and 3rd cycles in the discharged state 

 

ìrD3�sq �;�sqÈÉn©jE�kl�

�,©W 2 Íkl�����78��Ñ SEI m�I

ntc�	opqÈÉn,©uD&ZóljE¥ZÀ

Á�>���Z[Ø	=78©:�;�Z[ÈÉ'û

ü�HZv¬��WÑ����Z[äå"¢

[18,19]

'G

,©�+�)�3 ÍÈÉ,�Z���z#�Îðï

FrD�ß�
²�äå��e��/ä 3 -¥¦�

klH	ïK·²�wN�W 3-xW 2-xW 1-�

ÎbïW 3 -¥¦á	h­"?W�	��ß�	

È�ÎÑ¥¦S|m¥¦Çn&ZS|��sz#' 

��������

1) Ç�ÉÊËÌ� CSTRò
©�÷äã�56

ß�� �Îò©���/ä��e��e	
m,

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2

-0.2

0.0

0.2

0.4

0.6

0.8

 

3rd

2nd

Voltage/V vs Li

+

/Li

  

C
u
r
r
e
n
t
/
m
A

1st a

–

0 40 80 120 160 200

2.7

3.0

3.3

3.6

3.9

4.2

 

 

20th

20th

10th

10th

2nd

2nd

1st

1st

Specific Capacity/mAh·g

-1

P
o
t
e
n

t
i
a
l
/
V

 
(
v
s
 
L

i

+

/
L

i
)

b

0 15 30 45 60 75 90

140

145

150

155

160

165

170

175

180

 

 

C
o

u
l
o
m

b
i
c
 
E

f
f
i
c
i
e
n
c

y
/
%

Cycle Number

S
p

e
c
i
f
i
c
 
C

a
p

a
c
i
t
y

/
m

A
h
·
g

-
1

 

�

Discharge capacity

�

Coulombic efficiency

60

65

70

75

80

85

90

95

100

 

0 25 50 75 100 125 150 175 200

0

20

40

60

80

100

120

3rd

2nd

 

 

 

Z'/Ω

�
Z
'
'
/
Ω

1st



� 2 �                         �����CSTR �	
��
� Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

����
�                     �593� 

��������	
��
����������

���������� !" 622 #$%&'()*

+,-./0-./1234567'(289:;

<=>?�@ABCDEF�G89HI��J�K

/CD �LM�:+N!"OPQR0 

2) ST���289U:;V 2.8~4.3 V:W�1 

CXYZ�[�\]:^��_` 206a 176 mAh·g

-1

b

1 Ccd 100�5^�ef"ghiV 154 mAh·g

-1

b

cdjklmnoOESTLRp�2qrstuv

w!bxyz{C|F}ST�:+N~�:z��

cd�����0 

3) �	������'(-./������

���+
��"g���� 
��Y�L���

�����������T�����������

� �T�� !a�TT¡�`��+�� !"

'(289:;-./�¢�£¤¥��¦0 

 

����    References  

[1] Wu F, Wang H, Bai Y et al. Solid State Ionics[J], 2017, 300: 149 

[2] Liu Z L, Yu A S, Lee J Y. Journal of Power Sources[J], 1999, 

81: 416 

[3] Nayak P K, Grinblat J, Levi M et al. Materials Science and 

Engineering B[J], 2016, 213: 131 

[4] Liang Y G, Han X Y, Zhou X W et al. Electrochemistry 

Communications[J], 2007, 9: 965 

[5] Deng C, Liu L, Zhou W et al. Electrochimica Acta[J], 2008, 53: 2441 

[6] Li L J, Li X H, Wang Z X et al. Powder Technology[J], 2011,  

206: 353 

[7] Yang S Y, Wang X Y, Liu Z L et al. Transactions of Nonferrous 

Metals Society of China[J], 2011, 21(9): 1995 

[8] Zhang S, Deng C, Fu B L et al. Powder Technology[J], 2010, 

198: 373 

[9] Wang D P, Belharouak I, Koenig G M et al. Journal of 

Materials Chemistry[J], 2011, 21: 9290 

[10] Liu L, Lu C, Xiang M W et al. Chem Electro Chem[J], 2017, 

4: 332 

[11] Bréger J, Jiang M, Dupré N et al. Journal of Solid State 

Chemistry[J], 2005, 178: 2575 

[12] Shaju K M, Subba R G V, Chowdari B V R. Electrochimica 

Acta[J], 2002, 48: 145 

[13] Li J, Klöpsch R, Stan M C et al. Journal of Power Sources[J], 

2011, 196: 4821 

[14] Cheng K L, Mu D B, Wu B R et al. International Journal of 

Minerals, Metallurgy and Materials[J], 2017, 24: 342 

[15] He L P, Sun S Y, Song X F et al. Waste Management[J], 2017, 

64: 171 

[16] Zhao X, Hayner C M, Kung M C et al. ACS Nano[J], 2011, 

5(11): 8739 

[17] Wu Z S, Ren W C, Xu L et al. ACS Nano[J], 2011, 5(7): 5463 

[18] Wang H B, Zhang C J, Liu Z H et al. Journal of Materials 

Chemistry[J], 2011, 21(14): 5430 

[19] Li L J, Li X H, Wang Z X et al. Journal of Alloys and 

Compounds[J], 2010, 507: 172 

 

 

Synthesis and Electrochemical Properties of High-performance Ni

0.6

Co

0.2

Mn

0.2

(OH)

2 

Ternary Cathode for Lithium-ion Batteries in CSTR System 

 

Cui Yongfu, Cui Jinlong, Man Jianzong, Cheng Fupeng, Zhang Pengchao, Li Song, Wen Zhongsheng, Sun Juncai 

(Dalian Maritime University, Dalian 116026, China) 

 

Abstract: Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

 as a precursor of lithium-ion battery ternary cathode material was prepared in batches by a hydroxyl 

co-precipitation method in the system of CSTR (continuous stirred tank reactor). Then, Ni

0.6

Co

0.2

Mn

0.2

(OH)

2

 was roasted with Li

2

CO

3

 to 

obtain Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

 at a high temperature in the air. Scanning electron microscope (SEM), X-ray diffraction (XRD) and 

transmission electron microscope (TEM) were used to examine the morphology and structure of the obtained Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

. The 

resulting Li[Ni

0.6

Co

0.2

Mn

0.2

]O

2

 powders have a type of spherical structure composed of secondary particles with a typical α-NaFeO

2

 

lamellar structure. The electrochemical tests indicate that this cathode material has a good electrochemical reversibility and better cycle 

stability in the voltage range of 2.8~4.3 V. Its initial charge and discharge specific capacity is as high as 206 and 176 mAh·g

-1

 at 1 C, 

respectively, and the coulombic efficiency exceeds 85% after 100 cycles. 

Key words: lithium-ion battery; cathode material; electrochemical performance; co-precipitation 
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