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Fig.1  Schematic diagram of the sample preparation 

§$´µ� Celgard 2400$b¶�t��·¸�«¹n

� CR2032 �ºd»KR�A¼½¾¿ÀÁ� CT-3008

�KR@A�/�e!KE["Y£¤@A$$�K�

� 2~4.8 V�A GamryÀÁ� Reference 3000�K�L

��Â/�["BCjCVkYDEFGjEISk@A$

CVK������ 2.0~5.0 V$��ú¤� 0.1 mV/s$

EIS�@AR¤��� 100 kHz~0.01 Hz$ÃÄ� 10 mV� 

������	
�

���������	
��

I 2�~�� XRDIÅ�4Æ~�T�Ç�IÅ�

J4
�tuzSTÈ�� α-NaFeO

2

­®���
É

Ê$�?Ëj²Ì$R-3m12Í�b 20°~23°ÎÏßá

³%¹U����Ê(020)/(111)(I 2b)�Liu.

[22]

Ð�.

�­® Li

2

MnO

3

�
ÉÊ$�����­ Li�Mn �ç

²�TÑ�ÒªÓ��¾«çè;Z� 4Y 8 h�tu$

¾(020)/(111)Ê�ÔXUF$�Ä�ÊoUÕ$Ö×S

TU��|O}~­®���%ØÐ�

[23,24]

$ I

(003)

� I

(104)

�ÊÔoÙ? 1.2 ;$Ö×��OPQ��UÕ�¬?

Ni

2+

Y Li

+

PQ»)�Ï$pàªÓ�O��$"�/�

��Ob$�K["«Ú¶Ûß$åætu�["`�

Y�KopV�	� 1 ~��²ÜÝ�ÞÊÔo[«% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¥ 2  ¨©S XRDª«¥\¬­x�¥ 

Fig.2  Overall (a) and selected (b) XRD patterns of the samples of 

LR-U12, LR-U8, LR-U4, LR 
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Table 1  Lattice parameters and the ratio of peak intensity 

of the samples 

Sample a/nm c/nm c/a I

(003)
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(104)

 Grain size/nm 

LR-U12 0.2850 1.4223 4.991 1.336 68.6 

LR-U8 0.2853 1.4214 4.981 1.363 73.1 

LR-U4 0.2848 1.4200 4.985 1.441 74.3 

LR 0.2852 1.4227 4.988 1.574 84.5 
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Fig.3  SEM images of precursors (a~d) and product (e~h): (a, e) LR-U12; (b, f) LR-U8; (c, g) LR-U4 (c); (d, h) LR 
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Fig.4  Particle size distribution of the samples: (a) LR-U12, 

(b) LR-U8, (c) LR-U4, and (d) LR 

 

� ��������������

Table 2  BET and particle size distribution of the samples 

Sample BET/m

2

·kg

-1

 D

v50

/µm D

v90

/µm 

LR-U12 1057 8.6 20.1 

LR-U8 1049 6.48 22.3 

LR-U4 1014 9.57 29.6 

LR 95.99 279 628 
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Fig.5  Initial charge/discharge curves at 0.1 C rate within voltage range of 2.0~4.8 V (a); rate performance at various current rates from 0.1 C to  

2 C (b); cycling stability of the materials at 1 C (c) 
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Fig.6  Cyclic voltammograms of LR-U12 (a), LR-U8 (b), LR-U4 (c), and LR (d) at a scan rate of 0.1 mV·s
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Fig.7  Electrochemical impedance spectra of LR-U12, LR-U8, 

LR-U4, LR after 1

st

 (a) and 52

th

 (b)
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Table 3  Impedance parameters of the different electrodes 
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LR-U12 3.59 9.36 52.2  6.11 540.0 130.6 

LR-U8 3.70 14.1 38.5  4.27 369.2 98.32 

LR-U4 3.54 46.1 49.6  7.95 632.3 147.6 

LR 3.82 89.6 60.7  10.4 740.7 210.5 
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Preparation of Li-Rich Materials by Ultrasonic-Assisted Co-precipitation Method 
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(Guangxi Key Laboratory for Nonferrous Metal and Featured Materials, Guangxi Novel Bettery Materials Research Center 

of Engineering Technology, School of Physical Science and Technology, Guangxi University, Nanning 530004, China) 

 

Abstract: The effect of different ultrasonic time on the morphology, structure and electrochemical performance of Li-rich materials 

Li[Li

0.144

Ni

0.136

Co

0.136

Mn

0.544

]O

2 

was studied by a ultrasonic assisted co-precipitation method. Results show that ultrasonic assisting can make the 

materials more uniform, and therefore the structure becomes more reasonable, which is beneficial to the improvement of the electrochemical 

performance. The sample with 8 h ultrasonic time shows the best capacity, and the initial discharge specific capacity of 0.1 C rate is 327.8 mAh·g

-1 

(higher than 265.2 mAh·g

-1

 of the sample without ultrasonic). The discharge capacity is 181.6 mAh·g

-1 

at 1C rate after 50 cycles, with the capacity 

retention of 84.8%. After the cyclic voltammetry test and the EIS test, it is found that the composite oxide has higher current, lower charge transfer 

impedance and better rate performance. 
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; ultrasonic-assisted co-precipitation 
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