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Synthesis of LiFePO4/C Composite Cathode Materials by a Novel

Carbothermal Reduction Method and Its Performance

LIU Su-Qin, GONG Ben-Li, HUANG Ke-Long, ZHANG Ge, LI Shi-Cai

(College of Chemical & Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: LiFePO4/C composite cathode materials were synthesized by a novel carbothermal reduc-

tion(CTR) method using glucose as carbon resource. The precursors and the products were characterized

by TG-DTA, XRD, TEM, and the reaction mechanism was investigated. The electrochemical performance

of the samples was measured. The results show that the new method can reduce synthesis temperature,

and the sample prepared at 600◦C for 24h can deliver a discharge capacity of 156mAh·g−1 at 0.05C.

The first discharge capacities of LiFePO4 at 0.1C, 0.2C, 1C are 146mAh·g−1, 135mAh·g−1, 130mAh·g−1,

121mAh·g−1, respectively. It retains discharge capacity of 119mAh·g−1 at 1C after 30 cycles, with only

1.56% capacity decrease.
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1 OKxw�} LiFePO4 ��by}j��ouMQX6) [1],2�/�J!y$� (170mAh·g−1),PÆuu
�_ (3.4V) �℄y!b�r*Ywm-s�%Y�f.
,g	d� LiFePO4 vQQX6)�℄B�w+/jms�e�Z?� LiFePO4 B�Vgjuoue38�oue3�Bo�%Y2j�3�Ho>	N� LiFePO4 j��e�Y_B�F:�j\���!hf��ou��0
>j��P�'|eu�6j`℄�P??v��o�>�6)jeu�	C℄�\� LiFePO4 j��<��e�/�V+o� [1−6] �$s� [7−9] �wk - Lk

� [10−12] �)Dv� [13−15] �{�:F� [16,17] �N,� [18] m	BLw��_��o�.q�!hf��ouj�o�d��S�dXoC�3I�?�0�'�E�AE{b	7sI8���b+o�)�29,#�8y"Ohj Fe3+ Q8)�:ve
�"1Æk'�E�A	 J.Bakermt [19]! Fe2O3 � LiH2PO4 �7;Q8)�9,7sI8�\�& LiFePO4, (Ub
j�Zzmt [20] �9,Y��:F& LiFePO4. 'v,�byj7sI8��\h\�Q
FePO4 ℄iA�q�a|T<:vQ7:�B�Vg�1�rhf LiFePO4/C�:6)	B3��)Adjs�a8/DV{g�Qj|o�a���7�3/� 2006–04–28, 7�G��3/�2006–10–10�"B+� 0`pp�	Qu (20376086); n52-�rlfsB (20030533001)XS�!� -+a (1966– ), M�-��n�� :I&?2� J�/� E-mail: klhuang@mail.csu.edu.cn
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284 [ R 4 ' � � 22 	&7sI8j�)�I�+_Æ=&�QvQ��ouMQX6)j�3Æu�H8�G�H	
2 4L��
2.1 �(�V�

(1) ℄ i A FePO4 j \ � �E j 0.02mol

FeSO4·7H2O 8 0.02mol NH4H2PO4, ws1k�o$_�~Fw�ÆBX m�g�a| 30mL 5%3�Ebw��hf��Dv	�z��![�q�1 140◦C g�E 10h, hf FePO4.

(2)j 0.02mol LiOH·H2O8 1.8611gjT<: (763$ 15%),hZ3 FePO4 M:�dA 12h. B�W
N2 �Bg�M:`1-�1_ 550 � 600 � 700◦C�r 24h. 1,�^
Q�aW	
2.2 �(��T9, RigaKu D/max2550VB+18kW h� X �n��� (Cu Kα1) ��Qz�`o�a�-u
Q
40kV, -u. 300mA, �=	O 10◦ ∼70◦, �=,{Q 4.0◦·min−1; , JE01-1230 }E�uojN�
(TEM) ��Qj~6z��a	�Q_74$9,>K7+� CS800 <w	
2.3 
�HF-	6h\hj�Q��n;��(��
�℄$!
80:10:10 
>M:�HB; 1cm2 j/��M��q�X1M��Ep 120◦C g=��
O�hfQXO	!v��OQ�uX�us�9, 1mol·L−1

LiPF6/EC+DMC+EMC(AU! 1:1:1), B{[�Bj MBRAUN �=p_�siF�IuM� H2O 8
O2 AU�!
 < 10−6. 9,^5 {(&\Dj
PCBT-32D-DI�uM<��d<�QjuE
�H�PÆuu
	O� 2.5∼4.2V.

3  ��9)
3.1 TG-DTA �>Q&owsS�V{�Æ=7sI8j�)3I��hfj℄iA FePO4 3T<:�![ FePO43T<:8 LiOH·H2OjM:Adz� TG-DTA�a (zG 1 1��s�a9, N2 [���V,3
5◦C/min). B FePO4 3T<:j℄i`Ad_�T<:j℄$�!Q 38.16%; � FePO4 3T<:8
LiOH·H2O jAd_�T<:8 LiOH·H2O j℄$�!�*Q 32.56% � 14.68%. G 1 _ (a) � (b) "GB 200◦C �{x/�!bs��L�)18)_r|$j
k8T<:j℄��s�"G_ TG 3
DTA gnjlsxB 250◦C �{�28�)j

�*Q 24.6% � 27.22%, 3�5_-j8)_r|$3T<:�s

qU 24.3%� 27.1% �BX

F 1 \h�L9_i TG-DTA fm (a)FePO4+ S;9
 (b)LiOH+FePO4+ S;9
Fig. 1 TG-DTA curves of the precursor mixtures

(a) FePO4+glucose and (b) LiOH+FePO4+glucose:	1!B 250◦C ℄�)1�)�
C6H12O6·H2O=C6H12O6+H2O; C6H12O6=6C

+6H2O; LiOH·H2O=LiOH+H2OG 1(a) B 300∼500◦C T
/��bjÆs��L�1T<:s�sj7I8 FePO4, �s
gn(?B 550◦C !�℄A7/

QkÆG 1(b) B
300∼500◦C T
/"!Æs�Qk�℄�!�jTXB 350◦Cu0��H�17I8 FePO4,� 500◦CjÆs��1 LiFePO4 |oj~F�s
gnB
600◦C !�℄A7/

	7sI8 FePO4 8r|F LiFePO4 qj�)�HQ�

2LiOH+C+2FePO4=2LiFePO4+CO+H2Od7I8 FePO4 �Hh~F&�!_
o�q�7� LiFePO4 |oj~F��)jV{B 600◦C�{oQ:�	qeT�I�z�1��ou	
3.2 M.��TG 2 Q/DV{g:F�Qj XRD GV	�K
JCPDS ��S� 550◦C �rj�Q/�$ FePO4?℄��L�.1V{oo�℄iA FePO4 RHLlh$Q LiFePO4; 700◦C gsS�j�Q/�$ Li3PO4 ?℄�	� 600◦C g}�j�Qj"!���3 LiFePO4 j%jVG����)�7/?℄��%?9,�7sI8�B 600◦C g�!hfWojxw�r*j LiFePO4. 3$7!℄w~
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2 W ,*`�k
x|6rH7�[� LiFePO4/C �94'ZY�GÆ� 285~�℄B�/K*r LiFePO4 j|Ar*	���_�! FePO4 Q℄iA�jo&~F*|�ojV{�W� Fe3+ Llh$Q Fe2+, \�!";?ojA�	B�V N2 [�_�T<:�sA�j7I8 FePO4, Li+ �~f LiFePO4 j| TX�~F
LiFePO4 |o	3$7j℄B� C �EQ CO, �
CO ��/I8��%YLb�VI8[�/�1
Fe3+ jI8	B3>K7+�<h 600◦Cg�Q_74$Q 10.44%, 363$ 15% o!�3�7�H! CO ~�#Q	3Wl�g [23] j7sI8�o!�:FV{%o���<�!g�H7Æ*��<�B~F|ojV{	OF�V{<o�A`��<u� Li+ 8uo�~���<|�/�1>�6)juE
�H	G 3 Q 600◦C g:F�Qj TEM G�\G_�!
Q� LiFePO4 ��buB 100∼200nm T
�~6{)1d~ÆT<:�s	2j7!D9N^�0B��T
�/v�V&��jI�	.� �A`j|o8~6�a�S�B36

F 2 6rH7�[�i LiFePO4 i XRD FU
Fig. 2 XRD patterns of LiFePO4 prepared by the

CTR method

F 3 LiFePO4 i TEM JN
Fig. 3 TEM image of LiFePO4

h:F FePO4, �B 600◦C g�V7sI8�!hfWoj LiFePO4, D
A`~6/G_�{ou��>�6)juE
�H	D
���8)F o!�:ve
�"1Æk'�E	
3.3 
�HF-G 4Q 600◦C:F�QB 0.05Cgj�[PÆugn�\G_�!
Q��QjPuR3B 3.45V,ÆuR3B 3.4Vu0�PÆuu
R3x�BR5��Qj�[PÆuy$�*Q 157 � 156mAh·g−1,�[PÆujv3` 99.36%, Æuy$Q�5Uj
91.7%.Q&Æ= 600◦C :F�Qj�3�H��*!
0.1 � 0.2 � 0.5 � 1C ��Qz�PÆu<��zG 5 1�	�QB 0.1 � 0.2 � 0.5 � 1C gjÆu!y$�*Q 146 � 135 � 130 � 121mAh·g−1.#� Padhi mt>Qj Padhi �} [1], /DÆuu.gy$j#gI{$��jbuo,�%QB�wV{g�
Tt<<UjV�,3�!uQ�+wj���<b�t<<U<u�1!Bbju.:{g�6)��b�Gt<<UKoC/HRKÆuu.�\�`VÆu	Æ�hfj LiFePO4 ��B 100∼200nmT
�%YZ 1C Æuy$gjo

F 4 LiFePO4 A 0.05C fi�ZO
tfm
Fig. 4 First charge-discharge curves of LiFePO4

at discharge rate of 0.05C

F 5 LiFePO4 A.C
t�2fiO
tfm
Fig. 5 Charge-discharge curves of LiFePO4 at

different discharge rate
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286 [ R 4 ' � � 22 	u	D
3$7
>�0B��T
�/vgu&pRur�L���Q/o6�3�Hj
�8%	G 6 � LiFePO4 B 1C jPÆuu.gj�G�Hgn��Qjy$B℄ 4 [/~Hb�q 4 [ftbU 125mAh·g−1, L�H�%Q6)jNE[us�j}����w

	q 4 [!��Qy$4/gj�q 9 [�G�e1Yw�~3 30[�G�y$v�KQ 119mAh·g−1, y$#gxQ 1.65%.6)B 1C g/o6j�G�HL�.16) ��/Ywjr*�D
 LiFePO4 j��oe��0
>�~6/G	G 7 �yiuX8 1C PÆu℄�j�G��G�B�X�=_� Li+ \ LiFePO4 _JQÆ&X3I�)1 Li+ j^|	.G_�!
Q��E�T1 3.53V, I8�T1 3.33V, �E�8I8��~�E�(?uX/o6j�J�	uX~3 30[�G���E�8I8�
�4/Hb�L�%Q/k�Gjz��uX��XE�%YPuuT���ÆuuTgj	D
� 30 [�G!�j�<U

F 6 LiFePO4 A 1C fi�F�G
Fig. 6 Cycle performance of LiFePO4 at 1C

F 7 LiFePO4 O 
 t \ ? i � F � � F
(0.05mV/s)

Fig. 7 Cyclic voltammograms of the LiFePO4 at

a scan rate of 0.05mV/s

gu�$SkPÆuH$jgu�L3G 5 _ 30[�G�y$4/gjo�:	
4  )B3h:F FePO4, q�a|�:8T<:dA�B 600◦C�N2 [�g�r 24h:F&��oQX6) LiFePO4. A`~6/G���B 100∼200nmT
	�QB 0.05�0.1�0.2�0.5�1Cg�[Æuy$�*` 156�146�135�130�121mAh·g−1,!
1C u.�G 30 [y$v�KQ 119mAh·g−1, xjo 1.56%.�$<�
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