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Synthesis and Electrochemical Properties of LiFePO4 Cathode Material

QIU Ya-Li, WANG Bao-Feng, YANG Li

(School of Chemistry and Chemical Technology, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: The olive-type LiFePO4 was synthesized via sintering the amorphous LiFePO4 obtained by

chemical reduction and lithiation of FePO4, using VC as reducer and lithium acetate as lithium source in

alcohol solution. The influences of sintering conditions on the physical and electrochemical properties of

resulting LiFePO4 were investigated. XRD and SEM tests show that increasing the sintering temperature

and time leads to higher crystallinity, but to a larger particle size. The electrochemical property of LiFePO4

sintered at 600◦C for 2h is the best, its initial discharge capacity at 0.1C rate can reach 159mAh·g−1, its

capacity after 50 charge-discharge cycles is nearly no decay.
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1 (%U	HhA^3�, �: U	HhAw+^Kj�vjEU	HhA^k��MCPw+	J�xp%{w�k�^3�, 	=:U	HhAw+^�S�&	 1997C Goodenough xpL [1] '=� LiFePO4 "wV��H;P:U	HhA3�, s�\�^�+�i� 170mAh·g−1,℄epI33�, LiCoO2 ^~H}h�i����ÆQxp.0^�R�B	~(YPFnFC`�M�%��^aAjka�f� LiFePO4�Ns{w%��T�^d�SU	HhA3�, 	:S LiFePO4 :���/��[y�x [1∼5] �gZ -DZx [6∼8] ��ax [9,10] ��;i [11∼13] �8# [14,15] a{x	V�/�3p8�x:� LiFePO4

^SR�Z	 Prosini P. P. ab [16,17] /� LiI P:8�G�&
Sg�=8�lM)^{x:��k���^ LiFePO4 3�, �V�P��^
Ss�nkW LiIM���&�'��3x6	��P/�8�2Ux'=3�, LiFePO4, �M[s��^}4q�:8�G�&
H[=X FePO4=^lM)8�=vM)�-}3p2Ux=&g�
H^Fjg� LiFePO4 ;i�+ t_��\Y_h�#�h3pk���^h� LiFePO4.

2 �&
2.1 Z~b/V~}=�^�G� : FePO4·2H2O(I:) ��i
�� 2006–03–14, �` hi
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80 D < * � n � 22 u
LiAc·2H2O(AR) % } 4 q � (AR). X I : ^
FePO4·2H2Ox$;'� �^ LiAc
Hg�=�Lk��^}4q�� 60◦C y� 5h -��F�
HX;iLd 2 L� 80◦C +\
'-XPC�8>l�?^��%=�& Ar/H2 8�R��0R��&-(Ut_��%�^8�?D\ LiFePO4 =2�&	
2.2 Z~bY./�f� Rigaku X vY|v�di�I^H[�J�0�(U:� Cu Kα �v� 40kV, 300mA,)9: 0.01◦, n6z9 (2θ) : 15◦ ∼ 45◦, n6�p: 5◦/min. /�f� HITACHI ��^ S-2150 n6hHT8k%f� JEOL ��^ JEM-2110 /vhk��3�I^8�g-	
2.3 dq"��\Æ� NMP :gG�X LiFePO4 �
℄(�rF�
K (PVDF) �;��: 80:10:10 ;'x$�_-XPx$2��'$q�iD�
':=3�G	&	!\=��bÆUG:sh�� UB3025 :Æ9� 1mol/L LiPF6/EC+DMC (&>� 1:1) :h`��LD=��hA	~}/� Roofer t+ZhA>�0��xphAM 2.5∼4.2V z9>^D}hk��0�?p: 20±2◦C.

3 wln��
3.1 �x�ve LiFePO4 ��xjb)�& LiAc 
Hg�=�/�}4q�P:8�GX FePO4 =^lM)8�=vM)�"W+ 3p2U�g=&g�
H^Fjg� LiFePO4 ;i	'=y���R����
F j g � LiFePO4 t _ - � C � = h �

LiFePO4. 1 1 :&-?pRt_ 2h �\ LiFePO4�I^ XRD |v1	M1=��|E�<t_^
LiFePO4 �IF|v��T_:Fjg_�	i
450◦CaF�-wV	�h�RQ{e LiFePO4 x= (s�� JCPDF z 40-1499). �E?pM 450◦Cy�Y 600◦C, �6Hs�^|v�^[sVp?V)V��J�R�?��� LiFePO4 _hp^$��V�W?p: 600◦C -�|v�Vp�3&8T�/���:i 600◦C 2ht_-^6H	s�)#^hg	M��t_?pR�\�I^ XRD

1M�|�/�wV8T^%;|v���8xp/�^8�2Ux���:\�Ip^3�, 
LiFePO4.

0 1 %,s^>oQ�[ LiFePO4 ℄ XRD 0L
Fig. 1 XRD patterns of LiFePO4 synthesized at different

sintering temperatures

0 2 600◦C %,s^|N�[ LiFePO4 ℄ XRD 0L
Fig. 2 XRD patterns of LiFePO4 synthesized at 600◦C

for different sintering times1 2 : 600◦C R� t_ 0.5 � 1 � 2 � 5 �
10h �\�I^ XRD |v1	�1�4��6Hx:_h6#�s�RQ{_�^ LiFePO4. �Et_}O^z9��1M^|v�Vp�3&R��J�&��xpz9>�t_}Os6H^_hp�^&R	[s�t_}O�t_?ps, H[_�^�^\8T	
3.2 �x�ve LiFePO4 Y���b)�1 3 �E�&-t_(UR�\6H^n6hk-G	�\1 3(a) � (b) � (c) wV�&[-^t_}O 2h >�6H^��BN�E?p^y�u)RÆ�\1 3(b) � (d) �4�&[-^t_?p 600◦C R� 10h �\6H^��\ 2h ^R�/�8$�t_?p%z9t_}Om:���9R	uQ6H^�mD�qU	H^�m&m�(��	o, ^h3pk�	_'1 1 � 2 ��
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0 3 %,s^'TQ LiFePO4 �H℄ SEM 0_
Fig. 3 SEM images of LiFePO4 samples synthesized at

different conditions

(a) 500◦C, 2h; (b) 600◦C, 2h; (c) 650◦C, 2h ; (d) 600◦C, 10h^ XRD 1MC1 3 ^ SEM -G�4��?���h&^x9�g=61^h%\R^h��& 500◦C }�\��NO�V�_hp&j 600 �
650◦C }^�Æu 650◦C }f�\Y_h6#^
LiFePO4 h&�V�6H���3r9RVa�z9� Li+ & LiFePO4 =^�mt	Æ[su{�

600◦C 2h �\, ��x$OWs�\#^_hp	M1 4 ^ TEM -G��|E��(UR�\6H:Jx�m& 80nm O���px$^eZg^=2�&	
0 4 600◦C s^ 2h �[ LiFePO4 ℄ TEM 0_
Fig. 4 TEM photograph of LiFePO4 synthesized at

600◦C for 2h

0 5 %,>oQs^ 2h �[ LiFePO4 ℄
K|g[X
Fig. 5 Initial charge-discharge curves of LiFePO4 syn-

thesized at different sintering temperatures

a. 450◦C; b. 500◦C; c. 650◦C; d. 550◦C; e. 600◦C

3.3 �x�ve LiFePO4 dq"��b)�, _��g-sh3pk��TA�^�:J0��&-t_(UR�\, ^h3pk�	1
5 :&-?pRt_ 2h �\ LiFePO4 �I^�L}h\Y���|E�?pR'=^ LiFePO4 ^�L}hi�� : 94mAh·g−1(450◦C) � 150mAh·-

g−1(500◦C) � 153mAh·g−1(550◦C) � 159mAh·g−1

(600◦C) � 151mAh·g−1(650◦C). }hi��t_?p^�N�M6H^��BN%_hp�{5�`�	��BN!�_h!6#� LiFePO4 ^h3pk�q!#	f�t_?p� 600◦C }�\Y��OWx$^6H�V_h&6#�J}hi�&�Æut_?p�� 600◦C }�f��\Y_h6#^ LiFePO4 h&�V6H���rA9R�)L�U	H& LiFePO4 4E / Uk^t	�X9D}h >�3)R�}hi�Y	��=
600◦C �\ LiFePO4 ^��x$OW_h6#�
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82 D < * � n � 22 u�VEN�^}hi�	t_}Os, ^g-���^�:JB08xp �h3pk��t_}O^�N	1
6 : 600◦C R&-t_}O�\ LiFePO4 �I^�L}hi�s�	�1��|E�+ &-t_}O'=^ LiFePO4 �L}hi�� :
151.2mAh·g−1(0.5h) � 156mAh·g−1(1h) � 159mAh·-

g−1(2h)�158mAh·g−1(5h)�152mAh·g−1(10h),�6H^i�4 &�)R�P= 2h �\, ^i�\P�^r�	pP���: 0.5h }^��_h&j 2h ^61��Wz9t_}O��$���^_hp�Mu$�i�ÆW 2h -Imz9t_}O(:���9R�Y, ^i�	

0 6 LiFePO4 |gh�� 600◦C |s^|N℄�M
Fig. 6 Relationship between discharge capacities and

sintering times

0 7 600◦C s^ 2h �[ LiFePO4 ℄�)C|g[X
Fig. 7 Initial charge-discharge curves of LiFePO4 syn-

thesized at 600◦C for 2h at various ratesM�q�J�4� 600◦C t_ 2h �\, ^i�N��~}8d�)xp��, ^��*k%s6Ajk	1 7 �E��(U�\ LiFePO4&&-�*R^D}h\Y	M 0.1∼2C ^D}h\Y�|E�&-D}hh"R�, xs�8T^D}hJ�	�Eh")R�D}hJ�h=54)R��Ai�Y��8h"3p)R��3)R	 LiFePO4 3�, &��*R^i��Q

�P4UU >=�[^"0��� Padhi abd: [1] U	HUk >�M���5&�[a5
LiFePO4/FePO4 ^55`�k^ >	�EU3^di�a5^5>?VQ�WG T=a55>^U^C��**j}�q:PY��!aa55>	J}G a5^J^U	H^C��*q&K�;?��;.R^h"�hA^k�U	H^�mW:	h"!R�J!a5>!R�J�Uk��=^U	H!�qQu�����*D}h}�Ai��z!R	J�7�~7^h"}-�PY�+i�	V�~}, & 2C }e��? 142mAh·g−1 ^i���8�, s�)#^��*k�	

0 8 600◦C s^ 2h �[ LiFePO4 ℄r5j?
Fig. 8 Cycling performance of the LiFePO4 synthesized

at 600◦C for 2h, ^Ajk�vLhA^>�k�6�5�	1 8 �E��, � 0.1C �*D}h}^s6\Y	��|E�50 Ls6-i�F/F�Q��8�, s�)#^Ajk�/���B0�:�^, ��O�_hp���	
4 w�+ FePO4 ^8�2U=�'=�_h�#��m�(x$^ LiFePO4 =2�&	xp�8�t_(Us�\, ^H[_�%�5g-�\R^�^�$�t_?p%z9t_}Om���$�6H_hp�V:���9R�[s�t_}O�t_?ps, H[_�^�^\8T	P=
600◦C Rt_ 2h �\ LiFePO4 3�, :Jx�m& 80nm O���px$^eZg^=2�&�W�, �V^h3pk�NK��L}hi��P 159mAh·g−1, Ws�)#^��*k�%s6Ajk	
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