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2006 Y 9 � Journal of Inorganic Materials Sep., 2006)5�Æ: 1000-324X(2006)05-1097-06<�:��7��� Li3V2(PO4)3 �8��- /�YRU�O P�QNX�S W�VMT
(E�>H?DJGDKAFICL�=B 102201)4 2�\qu#f Li3V2(PO4)3  :-jHf�!�lw|�lqEST1.�k�u℄#f

LiOH·H2O �V2O5 �H3PO4 4O7 (C12H22O11) �.sMÆAK7�E^h�?
0 800◦C�� 16h, �.5}H77�, Li3V2(PO4)3. ( X �h
�4	Gq�Æ℄}1.fu#4yA|{,'R�H�q6#'J�Eq��MO 3.0∼4.3V 4 3.0∼4.8V ��Li3V2(PO4)3 ST1.�-o�f#�*�*'f�F}U4�:;}�Eq��MO 1.5∼4.8V ��Li3V2(PO4)3ST1.�-:�f#�*�`�F}Uo9�� � ��|�lqE
ST1.
 Li3V2(PO4)39'	�Æ�TM912 )+�$��A

1 30	"�nxE8\!�b10.,F=NN�F="�nv$℄6 (XOm)n−(X=P �
S � As � Mo 5 W) hE8\hq?
������ns�d-	"�nx~�nsGUV30��f��30�.�=�fv$Vv�I�ss	_34M��kEK+p�V.�W!IxAPu�Z~�nsGUV30 [1]. Rk	"�nx~�nsGUV30
Z.yx�v$h LiFePO4 e
-yFh���g/rm
�E�f2�xh30{O18A305�W`%J/t{�.[1~�/��
℄rv$h Li3V2(PO4)3!�P�W!$ LiFePO4�W!1h	"�nxUV30 [2],-TK~�30�.�p�d [3∼9]. Li3V2(PO4)3 (1 P21/n �h{��n+P 407.6.

Li3V2(PO4)3 
h V ��. +2 � +3 � +4 5 +5 ,e&e��>Æ. 5 �~�n��F30
Jl��>�+�W 332mAh/g. 
�d [1,3], Li3V2(PO4)3 �. 1.7∼2.0 � 3.61 �
3.69 � 4.1 � 4.6∼4.8V[�I�s_3u
.C_3uh~�nJl�)~&1.Ce4h��ns~
FW-�<)!\VAmu.����h��k<�&?>h?�K
0.Y+h��;.%�~|�k<hp8!)
 
W-h�k<r�5-r��Mux~�nsGUV30 Li3V2(PO4)3 h���.f���
Tg [3∼9] �dh8A
�A=4) NH4H2PO4 � V2O5 � Li2CO3 P80��BL8>�4)�R&j8AN6~I8�8A Li3V2(PO4)3. �R&j8A!!)A�hpiF%�"!� 2005–10–19, %�.
�"!�2005–12–12��,�� ,bo|��Oy (50002006); qBX�OL��Oy (JCqn2005043);6��� %s� (1971– ), S�,�����9	 E-mail: yingjr@mail.tsinghua.edu.cn
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850◦C d�0[e�h V2O5 I8A0�e�h Li3V2(PO4)3; 6~I8�!!)�&\

�h69vI8^F 850◦C d�[e�I8A�e��8A Li3V2(PO4)3."T�d-� LiOH·H2O � V2O5 � H3PO4(�4) �P8 (C12H22O11) P808A
Li3V2(PO4)3 hu
��+�d-�30hv$�zB�Z.CI�ss		NThI�s�W��G�W5�;<�

2 #1lsG\ LiOH·H2O ��^P V2O5 ��^PZ H3PO4(�4� 14.6M) ��^PP8
(C12H22O11) �O�$ 3:1:3:0.2 L8�F|v�tNRTtN 4h; L8m0F 80◦C =�>�℄1)�9
�A�_i�1 800◦C <R � 16h. P8F�Rd~wP6�~w6g6~I8v)�l V2O5 
h V5+ I8P V3+, �A Li3V2(PO4)3; 6�
F�/+h~w63
Li3V2(PO4)3 �BL8�g
bs^hv)
 �/C
h�&���C�dvqh�&
C��sA� (1), Itd<\P Li3V2(PO4)3/1.4C, [<\
60+>P 4wt%.

3LiOH·H2O+V2O5+3H3PO4+0.2C12H22O11=Li3V2(PO4)3+CO2+11.2H2O+1.4C (1)��) X �iÆ� (D/max-rB) �^ Li3V2(PO4)3 �Ph\jsA5�=v$
)
Hs�
(JSM6301F) (8�PhzB
�Tg [10] x�h
�7+�Ph�`06+
l Li3V2(PO4)3 �P��z95 PTFE �a+$ 8:1:1 L8�	`AFSP 0.64cm2 h:zsV^�D^0 Li3V2(PO4)3 > 8mg, � 120◦C Q��G>vPUVÆ�z(~^P�V� Celgard2400 	*a�LP�L� 1mol/L LiPF6 h EC+DEC(1:1) ��Psw��FI?zih%:k
shA��sG
F=Rd) LAND sG7$bD~��sG~|<s8I�s�G7$
P��30F.CI�ss		NThsE��W��H- 3.0∼4.3 �
3.0∼4.8 � 1.5∼4.8V ��I�ss		N
P��30hI�s�;<��FD�I�ss		N��H- 0.05 � 0.1 � 0.2 � 0.5 � 1.0 � 2.0 � 5.0C deI�ss8

3 �
�&�G 1 P8Ah Li3V2(PO4)3 �Ph X �iÆ�bG��bG3℄rv$h Li3Fe2(PO4)3

(JCPDS 47-0107)hbG��j-�+3Tg [4] �dhbG��U8
bG
m�g�hÆ��(K<\v�(1ÆC.C�UF�+K4)P8~|6~I8��8A�v�yhPj Li3V2(PO4)3, 57h~w6�YvxUF
G 2 1�P Li3V2(PO4)3 h
Hs�zB
�=BY*Izi�,^i�"|S�A
�Tg [10]1*
�7e�P
h�`06+>P
5wt%, 3�� (1) h_/Y 4wt% q��(K �/C
hq�&���-�� (1) �(�
G 3 !I�ss8P 0.5C, I�ss		NP 3.0∼4.3V � Li3V2(PO4)3 h'RI�swi
IswiÆ. 3 �Keh_3��)Q1 3.6 � 3.7 � 4.1V ���'RIs$�+P 123.9mAh·g−1; �swiÆ�. 3 �Keh_3�as	_3<l1Iswihs	_3�'R�s$�+P 117.9mAh·g−1; 'RI�so;P 95.2%.  
Tg [1, 3] �d�W�
3.6 � 3.7 � 4.1V sQuh~�nJl~&1 V4+/V3+ s~
G 4 ! Li3V2(PO4)3 h�;<�wi (T/\us8�RJY), F 0.05 � 0.1 � 0.2 � 0.5 � 1 � 2 � 5C ��30h'R�s$�+�)P 122.1 � 120.7 � 119.6 � 117.9 � 116.9 � 110.9 � 107.8mAh·g−1, 30(f
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 $r��i�|�lqEST1. Li3V2(PO4)3 f^�X}U
� 1099K+ hYs8I�sW$��L&)1x$sG


F 1 Li3V2(PO4)3 f XRD Fa
Fig. 1 XRD pattern of the Li3V2(PO4)3 pow-

ders

F 2 Li3V2(PO4)3 f	Gq�Fl
Fig. 2 SEM image of the Li3V2(PO4)3 pow-

ders

F 3 0.5C � 3.0∼4.3V � Li3V2(PO4)3 f&QH�qvh
Fig. 3 Initial charge-discharge curves of the

Li3V2(PO4)3 at 0.5C with cut-off voltages of

3.0∼4.3V

F 4 3.0∼4.3V � Li3V2(PO4)3 f�:;}vh
Fig. 4 Rate capability curves of the

Li3V2(PO4)3 with cut-off voltages of 3.0∼4.3V

F 5 0.5C � 3.0∼4.8V � Li3V2(PO4)3 f&QH�qvh
Fig. 5 Initial charge-discharge curves of the

Li3V2(PO4)3 at 0.5C with cut-off voltages of

3.0∼4.8V

F 6 3.0∼4.8V � Li3V2(PO4)3 f�:;}vh
Fig. 6 Rate capability curves of the

Li3V2(PO4)3 with cut-off voltages of 3.0∼4.8VG 5 !I�ss8P 0.5C,I�ss		NP 3.0∼4.8V� Li3V2(PO4)3 h'RI�sw
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i
IswiÆ. 4 �Keh_3��)Q1 3.6 � 3.7 � 4.1 � 4.5∼4.8V ���'RIs$�+P 173.5mAh·g−1;  
Tg [1, 3] �d�W� 3.6 � 3.7 � 4.1V sQuh~�nJl~&1 V4+/V3+ s~�� 4.5∼4.8V sQuh~�nJl~&1 V5+/V4+ s~
3Iswij$��swipP_C�'R�s$�+P 152.6mAh·g−1; 'RI�so;P 88%. G 6! Li3V2(PO4)3 h�;<�wi (T/\us8�RJY), F 0.05 � 0.1 � 0.2 � 0.5 � 1 �
2 � 5C ��30h'R�s$�+�)P 168.2 � 163.5 � 159.5 � 152.6 � 144.0 � 140.4 �
125.2mAh·g−1, 30(fK(1hYs8I�sW$
G 7 !I�ss8P 0.5C, I�ss		NP 1.5∼4.8V � Li3V2(PO4)3 ho�RI�swi
IswiÆ. 4 �_3u��)Q1 1.7∼2.0 � 3.5∼3.8 � 4.1 � 4.5∼4.8V ���Is$�+P 238.1mAh·g−1.  
Tg [1, 3] �d�W� Li3V2(PO4)3 
l�)�~�n>�� V3+ I8P V2+, ~&hsQ_3F 1.7∼2.0V; 3.5∼3.8 � 4.1V sQuh~�nJl~&1 V4+/V3+ s~Æ 4.5∼4.8V sQuh~�nJl~&1 V5+/V4+ s~
�swiP"Æ,)0�sAÆ 3.0∼4.8V u5hwi3G 5 j-Æ 1.7∼2.0V u5.Keh_3Æ 2.0∼3.0Vu5wiKfs	E?Æ�s$�+P 234.1mAh·g−1. G 8 ! Li3V2(PO4)3 h�;<�wi
(T/\us8�RJY), F 0.05 � 0.1 � 0.2 � 0.5 � 1 � 2 � 5C ��30h'R�s$�+�)P 280.5 � 266.5 � 248.3 � 234.1 � 222.7 � 196.7 � 150.3mAh·g−1, 30(fKp1hYs8I�sW$


F 7 0.5C � 1.5∼4.8V � Li3V2(PO4)3 fn�QH�qvh
Fig. 7 Second charge-discharge curves of the

Li3V2(PO4)3 at 0.5C with cut-off voltages of

1.5∼4.8V

F 8 1.5∼4.8V � Li3V2(PO4)3 f�:;}vh
Fig. 8 Rate capability curves of the

Li3V2(PO4)3 with cut-off voltages of 1.5∼4.8VG 9!I�ss8P 0.5C��3.0∼4.3�3.0∼4.8�1.5∼4.8VI�ss		NT Li3V2(PO4)3h�G�Wwi
I�ss	P 3.0∼4.3V��Li3V2(PO4)3h'R�s$�+P 117.9mAh·g−1,

50 R�G�>�X$�+dnP 113.0mAh·g−1, �+�D;�W 95.8%, 30(fK+ h�G�W
I�ss	P 3.0∼4.8V�� Li3V2(PO4)3 h'R�s$�+P 152.6mAh·g−1, 50R�G�>�X$�+dnP 142.5mAh·g−1, �+�D;�W 93.4%, 30(fKp+ h�G�W
I�ss	P 1.5∼4.8V �� Li3V2(PO4)3 ho�R�s$�+P 234.1mAh·g−1,

50 R�G�>�X$�+dnP 179.1mAh·g−1, �+�D;{P 76.5%, 30h�G�Wp:
FjChI�ss		NT� Li3V2(PO4)3 h�G�W0jI�ss8hJY�.12E
aqh�+�F 3.0∼4.3 � 3.0∼4.8V s		NT� Li3V2(PO4)3 UV30��.(1h
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 $r��i�|�lqEST1. Li3V2(PO4)3 f^�X}U
� 1101�G�WÆF 1.5∼4.8V s		NT� Li3V2(PO4)3 UV30h�G�Wp:
"T`�h Li3V2(PO4)3 UV30F
3.0∼4.3V I�ss		NT�.{�.p�h�X$�+��n�.+ h�G�W5Ys8I�sW$�D
Æ	"�nxUV30&.hv$Vv��y�WVakEK+p��e�30;.`L&)1Qp55xZe��+h LiCoO2, �;.`L&)1~�nx$sG5NWsG55
F 3.0∼4.8V I�ss		NT� Li3V2(PO4)3 UV30�.!�h�X$�+��G�W5Ys8I�sW$�$p+(��e�30.L&)1�s	h~�nsG
F 1.5∼4.8V I�ss		NT�
Li3V2(PO4)3 UV30�.;�h$�+�!�e;._#$h��+30�a30h�G�Wp:�.[1�~


F 9 0.5C �-Bq��M Li3V2(PO4)3 f�F}Uvh
Fig. 9 Cycling performance of the

Li3V2(PO4)3 at 0.5C with different cut-off

voltages

Li3V2(PO4)3 UV30hI�swiÆUF��_3�l�sGFI�s/C
<�s	E&�.!1sG5)s�2hVv"v
WE�P� Li3V2(PO4)3 UV30h��
mX�!��I�swih_3<���wi_CE
��4xhV�! �~ Li+ � V3+ �
P5+ � O2− Q℄~|;C�"N�6�8��&30
"��nhj�v)��&30
�EI8s~hW\�T��f~30I�ss	<�~|8�t`hRh
C��;C�"N�6�8�.L~�/��30h�G�W5Ys8I�sW$

4 ��� LiOH·H2O � V2O5 � H3PO4(�4) �P8 (C12H22O11) P80�A/6~I8�8A-~�nsGUV30 Li3V2(PO4)3. �"�80%e�e�
i[�+n�"�i℄��1"�E
��(K�F 3.0∼4.3 � 3.0∼4.8V I�ss		NT� Li3V2(PO4)3 �.p�h�X$�+�+(h�G�W5Ys8I�sW$�.L&)1Qp55xZe��+h LiCoO2,�;.`L&)1~�nx$sG5NWsG55
F 1.5∼4.8V I�ss		NT��30h�+;��a�G�W.[�~
��(*

[1] �[S�� '	D�}L� 2005, 17 (4): 604–613.

[2] 6{w	 2005 b,MVrF2w#rFYe'j2/�)�9J=SW	>�� 2005.303–306.

[3]  4L�����Zoz�j	r;℄)� 2005, 29 (2): 124–127.

[4] Barker J, Saidi M Y, Swoyer J L. J. Electrochem. Soc., 2003, 150 (6): A684–A688.

[5] Saidi M Y, Barker J, Huang H, et al. Electrochem. Solid-State Lett., 2002, 5 (7): A149–A151.

[6] Yin S C, Grondey H, Strobel P, et al. J. Am. Chem. Soc., 2003, 125 (2): 326–327.

[7] Saidi M Y, Barker J, Huang H, et al. J. Power Sources., 2003, 119-121: 266–272.



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1102 X Q 1 . � � 21 

[8] Morgan D, Ceder G, Saidi M Y, et al. J. Power Sources., 2003, 119-121: 755–759.

[9] Yin S C, Grondey H, Strobel P, et al. J. Am. Chem. Soc., 2003, 125 (34): 10402–10411.

[10] � I	}�mrFTU2/3.>}g_�Y~V��	���qBX�3V2tV;℄)��=� 2005.

Preparation and Characterization of Li3V2(PO4)3 Cathode Material for

Lithium Ion Batteries

YING Jie-Rong, GAO Jian, JIANG Chang-Yin, LI Wei, TANG Chang-Ping

(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 102201, China)

Abstract: Monoclinic lithium vanadium phosphate Li3V2(PO4)3 is a very promising polyanion-

type cathode material for lithium ion batteries. In this work, LiOH·H2O, V2O5, H3PO4 and

sucrose(C12H22O11) were homogeneously mixed with certain molar ratios by ball-milling, and

then sintered at 800◦C for 16h in N2. The Li3V2(PO4)3 powders were finally synthesized via

carbothermal reduction process. The structure and morphology of Li3V2(PO4)3 powders were

characterized by XRD and SEM. At charge-discharge cut-off voltages of 3.0∼4.3V and 3.0∼4.8V,

the material shows rather high specific capacity, excellent cycling performance and rate capability.

At charge-discharge cut-off voltages of 1.5∼4.8V, the material shows very high specific capacity

but poor cycling performance.

Key words lithium ion batteries; cathode material; Li3V2(PO4)3


