
� 47�    � 12�                                  ��������	                                Vol.47, No.12 

2018�      12�                       RARE METAL MATERIALS AND ENGINEERING                    December 2018 

 

�����2017-12-20 

���	����	
��
����2016GY-170� 


��
�������1989 ������������� �!"#$%&'��� �� 710119�()*029-88881810�E-mail: 

liwenlong@opt.cn 

 

Li

3-2x

B

1-x

N

x

O

3 

(x=0.1, 0.2, 0.3) ��� 

�����	
��
� 

 

���

1,2

��  �

1,2

���	

1

�
��

1

��
�

1

����

1

��  �

1

 

(1. ������� �!"#$%&' +, �- .�/�012345��� �� 710119) 

(2. �����6��78 100049) 

 

�  ��9:;<=>;<=?@ABCD�EFGHIJKLMN Li

3-2x

B

1-x

N

x

O

3 

(x=0.1, 0.2, 0.3) <O.GP(QR�S

TUVWXJKLMGP(QRY�ZSTX[\][�XRD�=^_(.`ab�SEM�=(@�cdef�EIS�g

Li

3-2x

B

1-x

N

x

O

3

G,(QRhiNjklXmjn*o x=0.2p�EFUVWXq 600 �WX 10 hJKLMrGP(QRY

s"tuv�wMxy"tr 90.07%�5z<O.{(|}~u6�B 6.37×10

-6

 S/cm��p����u��B 0.48 eVl 

����GHI�GP(QR�<O.(|} 

��	
���TM911        
�����A        
����1002-185X(2018)12-3835-04 

 

��������	
���
�������

��������������
� �����!

"�#$%&'(')*��+,
-./0123

4556�789&���:;�#<=>�2?

@
ABCD���:;�#<EF��:G���

��HIJK#LM�N�OPQR���S�TU

%V����W

[1-5]

XCD:;�#<Y�Z[��\

]�^_��C`ab
cdefghij
k�b

lmnop
q6Jrstuvwx�������

��y�:G������zv{|}K~s�Bc

"��x�����=>
��������
A�

���D$;�#<��Y���C�c"

[3]

X� 


��/01�2��4
556�78�&�T��

��b�:;�#@

[6-9]

X 

Li

3

BO

3

�LBO����b�:;�#<
&��

�:G��Y��"�XHe

[10]

*&23Y� ¡

α-Li

3

BO

3

�¢;£E
k��¤ Al

3+

��¥¦ Li

+

§¨

���]©�ª«txX¬­�
/01®¯°±�

  Li

3

BO

3

��J���:;�#<=>
h"��:

G�����

[11-13]


²k�B�J���³�´µ=

>

[14-17]


¶���23·¸6 Li

3

BO

3

�J:;�#<

=>�´µ=>�tx���:;�#<����

[18]

X

¹K
q{=>��]©ºi»
Li

3

BO

3

�]©»�

¼-½¾� 2{¿�1�À����ÁÂy�2�Li-O �

�WWÃºiÄ
�Å 1 !Æ
���Â� Li-O

4

Ç

È;Y
���ÉÊËÌiÄ
!B� LBOÍ�"

�ÎÏÐK"�Ñ�vÒX-.
tx Li

3

BO

3

��]

©6���ÓÔÕÖX 

×23Ø":Ù�
B Li

2

CO

3

-B

2

O

3

-LiNO

3

�J

ÚÛ¼>
&»ÜÝÞ£?ßd� Li

3-2x

B

1-x

N

x

O

3

�x=0.1, 

0.2, 0.3�:G�#<
à"CáÞ£?ßd��#<â


²Íã Xäåæä(XRD)çèé��ªêë(SEM)��

blìíî(EIS)ïðñ�£Eçòóô�bl�Tõ

ö¡÷ø
ùú¡ N ��� Li

3-2x

B

1-x

N

x

O

3

����]

©Ùºû� � Li

3

BO

3

[10]

��]©ª«txX 

��������

Óü¼>à"�ýN�þ��(LiNO

3

)ç��� 

 

 

 

 

 

 

 

 

� 1  Li

3

BO

3

r�PX� 

Fig.1  Structure of Li

3

BO

3

 



�3836�                                           �����D-	�                                          � 47� 

(Li

2

CO

3

)ç�b�(B

2

O

3

)
� Li

3-2x

B

1-x

N

x

O

3

�x=0.1, 0.2, 

0.3�b���bl����
c"��J 0.1 mg��

�	
���
@�¼=>
²6e����2�Y

2� 60 min
2�¨��;���b���Y
&�

��Y 600 �Þ£ 5 h
ceÚ�FÙ
�¨6d��

Þ£����2� 30 min¨
áF !J 10 mm
"

�J 2 mm ��#<â
à"CáÞ£#�&���

Y
600 �ÝÞ£ 10 h
d�$%��#<âX 

" Archimedes &'�()*Þd���#<â�

;+
",/�-Ø.��	
���#<â�<�


¤%�/0�1e%�y" Bruker D8 Advance2 Xä

åæä3()ðñ��Ù4F
()£5" Jade 67

õö�Ù�ýy" FEI NANOSEM4502èé��ªê

ëï�#<ðâ�89:Èòóõö;<y" Solartron 

S11260 2�bl��=()ðñ���T
>©?@

J 1 Hz~1 MHz
() ï�#<âõöA7çBCç

DEFGH
()£5Íã Zview67õöI��ýX 

������	
�

����������

Å 2 J Li

3-2x

B

1-x

N

x

O

3

Þ£d��ðñ& x 
JK

L(x=0.1, 0.2, 0.3)Î� XRDÅîX¤Å 2rs�BM

N
& x=0.1, 0.2Î
Þ£¨�ðñ XRDOLP PDF

Qâ 12-0127 R�
STðñJ LBO NÙy¹ðñ

XRD !�OLÐ�UVWX
¤YZ[/0

2 sind nθ λ= \
]OLÐ�UVWXÎ
θ ^Ä
λ

J�_J`
aÈb9 dcj
Õd�¢[�_cj


qK¤�ùe¡º B ��¼� !j� N ��fg

�
q¶hT N��ûFiùúXNÙ� Li

3-2x

B

1-x

N

x

O

3

�¢;£EJZj¢�
ÁbkJ¿P2

1

/n(14)
¢[

�_J a=0.8337 nm
b=0.9179 nm, c=0.3260 nm


Z=4X& x=0.3 Þ£Î
ðñ& 2θ=20.80

o


24.82

o




25.51

o


30.18

o


35.43

o


55.26

o

Î�� Li

6

B

4

O

9

�úÙ

N�
qK¤� N���ùúl�¡ LBO�³m
N

��C�
¦ B��
�U¡noÙ Li

6

B

4

O

9

X 

�����	
�����

Å 3a~3c�pJ Li

3-2x

B

1-x

N

x

O

3

& x�p
 0.1
0.2


0.3Î
& 600 qÝÞ£ 10 h¨d��ðñ� SEMr

âX¤Å 3�s
:Ù�CáÞ£d�� Li

3-2x

B

1-x

N

x

O

3

ðñ¢tuvÙïiÄ
:w#0Jx¢:w
y�ê

�z{%&
¹K¢t§b£�Ùï|%
$%�}~


3 {ðñÐ���ÙN�
�pK] x 
 0.3 Î


Li

2.4

B

0.7

N

0.3

O

3

��ÙTª^�
¤Å 3dY Li

2.4

B

0.7

N

0.3

O

3

x�© SEMrâ�s
%&i����Ù
q�TK

�U�noÙ Li

6

B

4

O

9

o�'F��Ù
�¢t§b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  Li

3-2x

B

1-x

N

x

O

3

UVWX��r XRD�� 

Fig.2  XRD patterns of Li

3-2x

B

1-x

N

x

O

3

 specimens by pressureless 

sintering 

 

��ÙÙïi�
q�]$�4��ê¢��¢��

ìiÄ
ì�����\]
Ùh�����]©Ù

ïi»X 

��
����������

Å 4 J Li

3-2x

B

1-x

N

x

O

3

Þ£�#<â��Ü���

�_ìíÅX�ÅY�BMN
�� 1 {]� �


A»>��jå¦÷¡���³�ì��hX»>�

jå�ò��ðñ÷È�ðñ÷ÈP��³����

����`F�åX���P x ��n 1{�}�J

¢t�ìGH
�n 1 {]� �P x ���}�J

��ìX& x�p
 0.1
0.2
0.3Î Li

3-2x

B

1-x

N

x

O

3

ð

ñ���ì�pJ 30
20 � 60 kΩ
x=0.2 Î


Li

3-2x

B

1-x

N

x

O

3

��ìL�jX 

c" Zview67
���I��ï_�õöI�


ÍãI�d� Li

3-2x

B

1-x

N

x

O

3

ðñ���ì
���ð

ñ�<��uv
�1d�ðñ����]©�ðñ%

��s÷ 1�X���]©��1/0�1��Ý!Æ¿ 

2

(π )

L L

RS R r

σ = =                         �1� 

eY
σK���]©
LJ�#<â"�
RK�#<

ðñ�ì
SJ�#<�â÷È+
rJ�#<â !X 

�÷ 1 �s
Li

3-2x

B

1-x

N

x

O

3

& x 
 0.1
0.2
0.3

Î�����]©�pJ 4.24×10

-6


6.37×10

-6

�

2.15×10

-6 

S/cm
����]©i Li

3

BO

3

�¡ª«�t

x

[10]


qK¤� N
¦ B§¨
òF¡º�� ¡W 

20 30 40 50 60 70 80

  

PDF#12-0127

 

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

x=0.1

  

x=0.2

∗

∗: Imp urity

∗∗

∗

∗

∗

  

x=0.3

2θ/(°) 



� 12�                       ����*Li

3-2x

B

1-x

N

x

O

3 

(x=0.1, 0.2, 0.3)<O.GP(QRrJK���                  �3837� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  Li

2.8

B

0.9

N

0.1

O

3

=Li

2.6

B

0.8

N

0.2

O

3

� Li

2.4

B

0.7

N

0.3

O

3

��r SEM�Y 

Fig.3  SEM images of Li

2.8

B

0.9

N

0.1

O

3

 (a), Li

2.6

B

0.8

N

0.2

O

3

 (b) and Li

2.4

B

0.7

N

0.3

O

3

 (c, d) 

 

 

 

 

 

 

 

 

 

 

 

� 4  UVWXJKLMr Li

3-2x

B

1-x

N

x

O

3

(QRYref� 

Fig.4  Impedance plots of Li

3-2x

B

1-x

N

x

O

3 

electrolyte prepared by 

pressureless sintering 

 

oÃ�¢� ¡W
¢� ¡W�^Ãc£¡���

ï����¤¥
�Ø�����\¦
²k§{ N

���fe
�B¨© 2 {���ÁÂ
qÐØ��

���\¦
�A
] x=0.3 Î
Þ£?ßd��

Li

2.4

B

0.7

N

0.3

O

3

N�¡úÙ
qK¤� N���ùúl

�¡ LBO �³m
N ��C�
¦ B ��
�U¡

noÙ Li

6

B

4

O

9

cd�#<â��]©N�¡Ýª


»� Li

2.8

B

0.9

N

0.1

O

3

� Li

2.6

B

0.8

N

0.2

O

3

X 

Å 5J Li

3-2x

B

1-x

N

x

O

3 

600 �CáÞ£¨d���

#<âðñ
& 250~390 KÜ�«bJKÜ�Ý(d

�����]©X���]©çÜ��¬�T���

0 Arrhenius #��2�
�Bd�ðñ& 250~390 K 

� �� Li

3-2x

B

1-x

N

x

O

3 

(x=0.1, 0.2, 0.3)����� Li

+

�	
 

��
 

Table 1  Li

+

 

conductivity data and density of Li

3-2x

B

1-x

N

x

O

3

 

electrolytes 

Li

3-2x

B

1-x

N

x

O

3

 

Total ionic 

conductivity/ 

×10

-6

 S·cm

-1

 

Density/ 

g·cm

-3

 

Relative 

density/% 

Li

2.8

B

0.9

N

0.1

O

3

 4.24 1.925 89.98 

Li

2.6

B

0.8

N

0.2

O

3

 6.37 1.938 90.07 

Li

2.4

B

0.7

N

0.3

O

3

 2.15 1.885 89.62 

 

 

 

 

 

 

 

 

 

 

 

� 5  Li

3-2x

B

1-x

N

x

O

3

UVWX���rvz(|} 

Fig.5  Temperature dependence of Li

+

 conductivity of Li

3-2x

B

1-x

N

x

O

3

 

prepared by pressureless sintering 

 

Î
Li

2.8

B

0.9

N

0.1

O

3


Li

2.6

B

0.8

N

0.2

O

3

� Li

2.4

B

0.7

N

0.3

O

3

:

;�#<�¬�T�pJ 0.50
0.48� 0.51 eV
�s


] N ��ùú�J 0.2 Î
¬�T�»X-J�� N

a 

b 

c d 

0       40       80      120 

Z′/kΩ 

150

100

50

0

–
Z
″
/
k
Ω
 

x=0.1 

x=0.2 

x=0.3 

2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

-18

-16

-14

-12

-10

-8

-6

-4

 Li

2.8

B

0.9

N

0.1

O

3

 Li

2.6

B

0.8

N

0. 2

O

3

 Li

2.4

B

0.7

N

0. 3

O

3

l
n
(
σ
T
/
S
·
c
m

-
1

·
K
)

T

 -1

/10

-3

 K

-1

�

��

�   Liner fit of   Li

2.8

B

0.9

N

0.1

O

3

�

��

��

��

�Liner fit of  Li

2.6

B

0.8

N

0.2

O

3

�

��

�   Liner fit of  Li

2.4

B

0.7

N

0.3

O

3

 

–

–

–

–

–

–

–

–



�3838�                                           �������	
                                          � 47� 

��������	
���
���������

���	���������	���� !�"#	

$%&���� 0.3'	()*+, Li

6

B

4

O

9

�
�-

.������"#	���� !��/0 

( ) ( )

a

t

exp

E

T A T

kT

σ

 

=

 

 

�

                  122 

34	A %567�	E

a

%� !	k %89:;<

6	T�=>0 

��������

1) ?@A,BCDEF.G Li

3-2x

B

1-x

N

x

O

3 

(x=0.1	

0.2	0.3) ���AHIJKLLi

3

BO

3

MHDN4��

��) Li-O

4

 OPH4	���Q�RS/	Li

3

BO

3

���IT�U#	$% N ��VW B ��XY	Z


�[
�\]�^_�`�\]�	̀ �\]���

_abc���d����ef	gh)����i

j	klmn N ���op	qrst 2 n����

�	uvgh)���w Li

3

BO

3

MHDN4ij0 

2) ?@xy x �z	{.|}���[~	&

x=0.2 '	.G�AHIJK���IT�|/	�

6.37×10

-6

 S/cm	�>����>� 90.07%	� !|

�	� 0.48 eV0 

 

����    References  

[1] Shin R H, Son S I, Han Y S et al. Solid State Ionics[J], 2017, 

301: 10  

[2] Takada K. Acta Mater[J], 2013, 61(3): 759  

[3] Tatsumisago M, Nadao M, Hayashi A. J Asian Ceram Soc[J], 

2013, 1(1): 17  

[4] Liu Meijing(
��), Wei Hongkang(���), Li Yutao(��

�) et al. Journal of the Chinese Ceramic Society(����

�)[J], 2015, 43(3): 276  

[5] Chiang Y M. Science[J], 2010, 330(6010): 1485 

[6] Hong H Y P. Mat Res Bull[J], 1978, 13(2): 117 

[7] Mei A, Wang X L, Lan J L et al. Electrochimica Acta[J], 2010, 

55(8): 2958  

[8] Thangadurai V, Adams S, Weppner W. Chem Mater[J], 2004, 

16: 2998  

[9] Goodenough J B, Hong H Y P, Kafalas J A. Mat Res Bull[J], 

1976, 11(2): 203  

[10] He M, Okudera H, Fleig J et al. Journal of Solid State 

Chemistry[J], 2005, 178(3): 680  

[11] Ohta S, Komagata S, Seki J et al. Journal of Power Sources 

[J], 2013, 238: 53  

[12] Tatsumisago M, Takano R, Tadanaga K et al. Journal of 

Power Sources[J], 2014, 270: 603  

[13] Kim J M, Park G B, Lee K C et al. Journal of Power Sources 

[J], 2009, 189(1): 211  

[14] Chan H W, Duh J G, Sheen S R. Electrochimica Acta[J], 2006, 

51(18): 3645  

[15] Lim S N, Ahn W, Yeon S H et al. Electrochimica Acta[J], 

2014, 136: 1 

[16] Chan H W, Duh J G, Sheen S R. Surface & Coatings Tech- 

nology[J], 2004, 188-189: 116  

[17] Sahan H, Göktep H, Patat S et al. Solid State Ionics[J], 2008, 

178(35-36): 1837  

[18] Ohta S, Komagata S, Seki J et al. Journal of Power Sources 

[J], 2013, 238: 53 

 

Preparation and Characterization of Li

3-2x

B

1-x

N

x

O

3

 (x=0.1, 0.2, 0.3) Solid Electrolytes 

 

Li Wenlong

1,2

, Liu Huan

1,2

, Yang Liqing

1

, Zhou Qianqian

1

, Wang Hongfei

1

, Wang Haojing

1

, Zhang Hong

1

 

(1. State Key Laboratory of Transient Optics and Photonics, Xi’an Institute of Optics and Precision Mechanics, 

Chinese Academy of Sciences, Xi’an 710119, China) 

(2. University of Chinese Academy of Sciences, Beijing 100049, China) 

 

Abstract: The Li

3-2x

B

1-x

N

x

O

3

 (x=0.1, 0.2, 0.3)

 

compound with pure phase were prepared by solid phase method with lithium nitrate, lithium 

carbonate and boron oxide as the raw materials. The Li

3-2x

B

1-x

N

x

O

3

 precursor powders were sintered via pressureless sintering, and the Li

3-2x

B

1-x

N
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O

3

 

solid electrolytes were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and electrochemical impedance 

spectroscopy (EIS). The results show that the Li

2.6

B

0.8

N

0.2

O

3

 sintered at 600 °C for 10 h by the pressureless sintering shows the highest density, 

reaching 90.07% of theoretical density, the highest total conductivity of 6.37×10

-6 

S/cm, and the lowest activation energy 0.48 eV at 250~390 K.  

Key words: solid phase method; solid electrolyte; lithium ionic conductivity 
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