
ISSN 2079-1704. , . 2014. . 5.  1. . 99-108 
______________________________________________________________________________________________ 

© . , . , 
. , . , 2014                                           99 

 544.653.3 
 

.  1, .  1, .  2, .  1, 2 
 

 LiFePO4/C  
 

 
 

1  
. , 38 , , 03680, , E-mail: kir@i.kiev.ua 

2  
. , 13, , 03164,  

 
,  

 LiFePO4/C  20 ,  
 60 2  (  7.6  12.5 . %).  

, , , 
, ,  

.  
 134 ·  

. ,  8500  (50 ) ,  
12.5 % , .  

.  
 

: , ,  
 

 

 LiFePO4  
 

 1997 . [1].  
 (Q = 170 ) 

 3.3–3.4  
. ,  

 [2, 3],  
 

,  
. ,  

 
,  

 
 

. 
LiFePO4  

, 
,  

 
, . 

 LiFePO4  
 

,  
.  

-
 

,  
.  

LiFePO4  
. -

 
 16

2hD -Pnma, Z=4)  
 

,  Fe2+  Li+  
,  P5+ - 1/8 
.  LiFePO4 

 FeO6 
 LiO6  ,  

PO4
3- . 

 FeO6  
, ,  

.  LiO6 
 b,  

 
 [1].  

 LiFePO4 
 

 Fe2+/Fe3+.  ,   
 FePO4,   



. , . , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 100

;  
 6.81 % [4]. 

 
 

,  10-9 [5] 
 10-10–10-11  [6]. -

 LiFePO4  
.  –  

 Ti, Al, Zr, Nb, Ta, Mg, W, Mn, Fe3+, Cu, 
V   Li   Fe  [1,  7,  8].   

 
 [9–11],  

 LiFePO4  
-

.  
,  LiFePO4  

, 
 

-
 

 (ZrO2 [12], Ti [5], Ag [13], Li3PO4 
[14]).  

 
,  

LiFePO4/C [15–21].  
, 

 LiFePO4  
 

,  
. ,  

 
 Fe2P 

[8, 22].  
, 

 0   
15 %  

 22  %,   –   
15 %.  

,  
 

 LiFePO4/C. ,  
 
 
 

 LiFePO4 . 
-  

 
 

, ,  
 

,  
 [9, 11].  LiFePO4  

 

:  (  
, , -

,  
)  (  

, , 
, , 
) [23].  

 
 

, 
 

,  
 
 

,  
,   
.  

 
, 
 
 

[24–27]. ,  
 

, , 
 

,   
 

.  

 

 
 LiFePO4/C  
. -

 
 [28].  

(  = 2 ) -
 (  = 1 )  

 (15–20 )  
 Fe(NO3)3 (  = 2 ).  

 
 Li2Fe2L( )4, 

 L – . 
 

80 °  
.  

 
 

 =  1:1;  
1:0.5  1:0.25,  

.  
 

,  
, 



 LiFePO4/C  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 101

,  
 50–60 °  

. -
 

Li2Fe2L(OH)4
.

6 8 7 (  = 4, 2  1).  
 LiFePO4/C 

, 
 
 

 – -
. 

 ( ) 
 Q-1500 D (MOM, 

).  ( )  
 ( ) 

 
 ASAP 2000 (Micromeritics, ). 

,  
,  

 ( -4-07, 
,  ,  Co )  

 
(JEOL JSM 6700F, ). ,  

 
, -

-
 
 

, .  
 
 
 

.  
 

 2016  
 ( )  

. 
 

,  
, ),  – 

.  
 2 2.  

 5  7 2. -
 
 

.  
 

,  1  
 LiPF6 , 

 (1:1:1  
).  

Celgard 2500.  
. 

-
, 

,  
. 
 
, 

A· -1.  xC 
,  

 Q  
1/x .  

 LiFePO4 . 

 

 LiFePO4  
,  

 
.  

 
.  

 [24–27],  
,  

, . 
 

.  
.  

 
 ( 2 2 ), 

 
,  

 
.  

.  
-
. 

 [29, 30], -
 

.  
, -

 
 

. 
 

 LiFePO4  
. 1.  

 ( . 1 )  ,   
 Li2Fe2L(OH)4

.
6 8 7 

 
 (145  200 ° ).  

 ( . 1 a) , 
 

 600 ° .  ( . 1 ) , 
,  

, -



. , . , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 102

,  
.  

 145 °  
 
, 
 

 ~570 °  
,  

. 

 
 

 
 

 
 

. 1.  
LiFePO4/C.  

 = 1:1 

. 2  
 

. ,  
,  

,  
,  

 
.  

. 2, ,  
. 
 

,  
 

, ,  
– .  

 

,   –   
-

.  
2 , 2  

 200 °C,  
 

 400 °C. ,  
 450 °C,  
 – , 

 700 °C.  
,  

, -
. 

,  
. 
 

 200 °C  
 

.  
 450 °C  

 
. , 

 
700 °C -

 LiFePO4/C.  
 

0 200 400 600 800

0

100

200

300

400

500

600

 
, 

. 

T, oC

  CO
  
  

0
200
400
600
800

1000
1200

  H2O
  CO2

 
. 2.  

 LiFePO4/C, 
=1:1 

 
 LiFePO4/C  

 ( . 3). 
,  ,   

 LiFePO4 
(JCPDS 81-1173). , , 



 LiFePO4/C  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 103

 Fe2P (JCPDS 51-0943). 
, ,  

 2  = 20–30°, 
 

. 
 

: d = /(Bcos ), 
 d  

 ,  
  

 
  (K –  ,   0.9).  

,  
,  

20  .   
2  = 34.6  37.6°. 
 

10 20 30 40 50 60 70 80
0

200

400

600

800

1000

1200

1400

*

* *

*
=1:0,25

=1:0,5

*

*

I
, c

 - 1

2 , 

=1:1

 
. 3.  LiFePO4  

 

 
. 

 [17],   
. 

, =1:1; 
1:0.5; 1:0.25  

 12.5, 9.2  7.6 %. 
 
 

. ,  
 
 

.   
,  

 LiFePO4,  .  .  4 
 

 LiFePO4  

.  
 60 2 , 

 BJH  21  
61 Å. 

. 5  
 LiFePO4  

12.5 %.  
 100–120  

. 5,  1).  
. -

,  
,  

~17 ,  
.  

 
.  

 
. ,  

LiFePO4  
,  
)  ( . 5,  2, 

).  
 

 ( ,  
LiFePO4),  20 . 

 
 

 
 

. 4.  ( )  ( )  
,  

,  
 (a)  ( ) 



. , . , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 104

 
,  

 LiFePO4  
,  

0.1 ,  
 

.  
. 6 . -

,  
, 
 

.  
 

,  
.  

 

 
1 

 
2 

. 5.  LiFePO4  
 12.5 % (1 – ×70000, 2 – 

×150000) 

. 6  
-
 

 0.1 .  
,  

 
.  -

 

 
. 

2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

-300

-200

-100

0

100

200

300

400

 

 
I, 

/

U, B

1

2

3

4

1

2
3,4

 
 

2,6 2,8 3,0 3,2 3,4 3,6 3,8 4,0

-300

-200

-100

0

100

200

300

400

3

2

1

I, 
/

U, B 

 

 
 

. 6.  
LiFePO4  9.2 . %  

 ( ) -
 

 ( ) : 
12.5 (1), 9.2 (2)  7.6 . % (3) 

. 7 -
, -

 0.1  
. . 7  

 
.  ,   

 
,  

. -
 

. 
 

 LiFePO4/C  

2 



 LiFePO4/C  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 105

 
 (  

 1  3.8 , 
 

 0.1 )  
 0.1  (17 )  

 2.5 . . 8 , ,  

 (12.5 %)  
. 

 (  30–
35 )  

 0.1   1  .   
 

. 
 

2,4

2,8

3,2

3,6

4,0
2

U
, B

13

1 2,3

a 1,2,3

 
 

1,2,3

0 20 40 60 80 100 120 140
2,4

2,8

3,2

3,6

4,0

1,2,3

U
, B

Q, 

12,3

0 20 40 60 80 100 120 140

 

Q,  
. 7.   ( )   

: 7.6 ( ), 9.2 ( )  12.5 . % ( ),  
 ( ) 

 

0 1 2 3 4 5 6
40

60

80

100

120

140

 

 

3
2

1

, C

Q
, 

/

 

0 10 20 30 40 50 60 70

20

40

60

80

100

120

1C

50C
40C

30C
20C

15C
10C

8C
6C

4C
3C

2C

Q
, 

/

1C

 
  

. 8.   0.1   6   1   
 0.1  LiFePO4/C,  12.5 (1), 9.2 (2)  7.6 . % (3)  ( )  

 1  50  LiFePO4/C  
 12.5 %  ( ) 

  



. , . , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 106

 
,  

,  12.5 % , 
 

 0.1  50 ,  17  8500 )  
.  

 
,  

 
1 .  

, 
.  

. 8 ,  
 

,  
 

. 
 

 

 LiFePO4/C  
 20 ,  

 60 2  
 7.6, 9.2  12.5 . %.  

 
134  

. ,  
 8500  (50 ) ,  

12.5 % ,  
.  

-
.  

. .  
)  

 LiFePO4/C  
. 

 
 
 
 

 LiFePO4/C  
 

 
. , . , . , .  

 

 
. , 38 , , 03680, , kir@i.kiev.ua 

 
. , 13, , 03164,  

 
,  

 LiFePO4/C  20 ,  
 60 2  (  7.6  12.5 . %).  

, , 
, , ,  

. 
 134  

. ,  8500  (50 ) 
,  12.5 % , .  

 
.  

 

: , ,  
 

 
 
 
 
 
 



 LiFePO4/C  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  1 107

 
Nanocomposite LiFePO4/C as cathode material for high-rate lithium-ion batteries 

 
V.V. Kosilov, S.I. Chernukhin, I.V. Romanova, S. . Kirillov 

 
Joint Department of Electrochemical Energy Systems of National Academy of Sciences of Ukraine 

38  Vernadskogo Blvd., Kyiv, 03680, Ukraine, kir@i.kiev.ua 
Institute for Sorption and Problems of Endoecology of National Academy of Sciences of Ukraine 

13 General Naumov Str., Kyiv, 03164, Ukraine 
 
Using a citric acid route, precursors have been synthesized and nanocomposites LiFePO4/C have 

been obtained by means of heat treatment having the particle size ca. 20 nm, specific surface area of more 
than 60 m2/g and the regulated content of carbon (7.6 to 12.5 wt. %). The properties of materials have 
been studied by thermal analysis, thermally programmed destruction, porosimetry, electronic microscopy; 
electrochemical characteristics have been evaluated in potentiodynamic and galvanostatic regimes. The 
composites obtained have specific capacity up to 134 mAh/g and demonstrate a capability of high rate 
discharge. In particular, upon loading with the current of 8500 mA/g (50 ), the sample containing 
12.5 % of carbon completely recovers its specific capacity. This signifies good prospects for the use of this 
material in high-rate electrochemical devices. 
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